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Al ] j jbjlill CjI jjaaI jj]| 1 

dll .1.1 

JjjLjll ciAf 9 “N .1.1.1 

Ip jda A^lad^UI 4_pjUJI dll ^ dll ^j±ajJ ^a]| .2.1.1 

E Uj» .3.1.1 

( *_pj-di]l J o j-JJI .2.1 

s j*UI .1.2.1 

J jjlpjl£ Jjnq" (_£^>dl djlp^^pa .2.2.1 

(j^aljdll .3.1 

WbJi AjjjLlI jl jlaVl .1.3.1 

Aj_lj-di]l i^y . a I j A ll .2.3.1 

ulinkj .4. 1 

^1 jdjj jaj^ll ^jjaAi'I ^Aadc-lj ^kA .1.4.1 

4^21 dllj ^ j-^I 2.4.1 

^Loi£jVI ^Lpjdall Aj^jJaxi! jl ^- g]I .3.4.1 

AlpUaljS jj jill dil j jg Vill .4.4.1 

^Id^ui ^tibil jIa^VI .5.4.1 

Ajj^ll ^p^aLlxJl .6.4.1 

a^LJI o^lda-41 jJI .7.4.1 

(_£jdl dlllnid .8.4.1 

Aj_jlVill djUa^aJlj .5.1 

u^VI .6.1 

£^.l^pJI 

(cjA^jS 'Jj) 2 

dil ^)xg^p^a]I .1.2 

^juAill j p^pilill .2.2 
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99 ' -ul j .1.2.2 

101 J i jaLII .2.2.2 

102 .3.2 

102 .1.3.2 

104 Cjliuki .4.2 

104 ou^lkll .1.4.2 

108 4u4all cjlkiiLilll .2.4.2 

109 CjL24j«JIj .5.2 

111 -6.2 

111 

117 (l LW^jV') 3 

117 dil .1.3 

118 ^iuA'iII j o j-441 .2.3 

119 ^jjjjiLJI Jjjjia .1.2.3 

120 44LiiiVI ja^ a 3I a— 44 .alLall g ^ j^axa .2.2.3 

121 UuLiajS .3.2.3 

122 t"4aWU <^vjLall <lali44 5^*141 .4.2.3 

123 oj-oL]I .5.2.3 

125 (jjsj l y'il5'44 o j-4j .6.2.3 

125 (_£lic- (Jc-lij .7.2.3 

126 dlllia. jlU jj-ljftll 4J\ _jl-J JlSljl .8.2.3 

127 .9.2.3 

127 [3^01 Us jit- .10.2.3 

132 .3.3 

132 .1.3.3 

132 .2.3.3 

133 4jj4j$£JI .3.3.3 

134 4jj> ,-i4 I .4.3.3 

134 dllsLjaVI .4.3 

134 L_4I j4JI .1.4.3 

135 <— i llnLj .5.3 

136 aS3Ll 4I dil >3 II .1.5.3 

142 AjjUnlj^jjjall dll jj$ a4]l .2.5.3 

148 u ibl^ -p )iAsj o* 4j_ 4L4I i — aLilS/l .3.5.3 
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148 (jjjlma a;ln^ -p ) C5 lj4 4 jj42I .4.5.3 

149 cjU^llI .5.5.3 

154 AjjLajll diLi5l*JI j .6.3 

154 jL«Vl .7.3 

155 ^1 >41 

169 (u^^' J“!) 4 

169 till .1.4 

171 fru^ullj o^aLl' .2.4 

175 i__ijUa_jil .1.2.4 

178 a£jlU gl .2.2.4 

179 >11 .3.2.4 

181 -4^21 diLijjlj .4.2.4 

182 :. . Leu 4 eL"' i , ^c. JaLeui .5.2.4 

183 .3.4 

183 .1.3.4 

184 AjjIjiJI .2.3.4 

185 AjjLj$£JI .3.3.4 

185 AlaUJI CulalgaVI .4.4 

185 ^=1\ CuV'g-o .1.4.4 

185 .2.4.4 

186 <•. i$l'l CiliiaLa .3.4.4 

188 £iil1 JJ jc .4.4.4 

188 Cjliuki .5.4 

188 CuljllJI ^La .1.5.4 

189 Ai^.5UI 2 jJi .2.5.4 

189 ALolil! -3.5.4 

196 aLll djL<i5Ltjl j .6.4 

199 jL.Vt .7.4 

200 ojlc-lj jjVI .8.4 

201 j^JI 

209 MiU) CjIjjaJjj 5 

210 4ljl J±a .1.5 

211 ^yuA'ill j a j-421 .2.5 

211 AaiiiUSlI sjjjjjoiII .1.2.5 
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216 (j (3^1 jL .2.2.5 

216 . 'uu < s j^a]l ((jjluall AjiLoi^ ^jj .3.2.5 

217 A£jlidi]l dal jj-a il j2l .4. 2. 5 

217 3. CjIjjaiIjj .5.2.5 

219 aj5j-4I 3j-4Ij 0jI^a1I .6.2.5 

222 jijj uAiJ^) dljj^Jjj .7.2.5 

223 (jj^l ij.;\;n^ tjjlllft) .8.2.5 

224 (jjjjjlu Lu ij^) (js^j? CjIjjaJjj .9.2.5 

225 (jjjjjlu jjJ JjjI) Jjj dl .10.2.5 

226 -3.5 

226 Aj^nKjo'l (jkjaJI .1.3.5 

226 AjjIj^J (jkjiJI .2.3.5 

227 AjjIjj^£JI (jkjaJI .3.3.5 

227 Aj jj ^a.li l jkj^JI .4.3.5 

227 I .5.3.5 

228 AlaUJI dlaLdVI .4.5 

228 jljlVI • 1.4.5 

228 jkfcJI dlLula .2.4.5 

229 (jL^ajTjl l <jqVi .3.4.5 

229 dUmkj .5.5 

230 Aj!ilj4l lijlja. 4 j. 4d]l ^cjl j4l .1.5.5 

231 <-ajll21l (jJililjjjla J jj jjaiIjj yi .2.5.5 

233 \ ^ 4 \ i ^ c** j | ^ .3.5.5 

233 dlijjj^JI JjLii <dic.V jIj^s .4.5.5 

234 ujjj VI jj jIjjs .5.5.5 

234 Ajjkjll dLa5l*JI j jjjjj4l .6.5 

235 jkVl .7.5 

235 jjjJjII s^ltlj ^^jjJI jjVI .8.5 

238 j-ll 

245 J"! dij!) 6 

246 dl jja jj j4l .1.6 

247 ^jjjdill j S j42l .2.6 

247 4j]j3jji£jjj]l SjjjjjoiII .1.2.6 

249 Ajliajjj^IVI ojjjjjall .2.2.6 
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250 £4il>ll .3.2.6 

251 <J>ull .4.2.6 

252 ^>11 .3.6 

252 4*6.) 'Kj all (j-al>ll .1.3.6 

255 4laUJI CilaLdyi .4.6 

255 fl Clllila .1.4.6 

257 4jjiill £^11 j«all .2.4.6 

257 CjULiLj .5.6 

257 >»UI j> *Hkll .1.5.6 

258 aILoLoi^II ALolill 4 _i2uc- V I .2.5.6 

263 (>-41' si*y aLUII dlijlUl .3.5.6 

265 c^UUkll .4.5.6 

265 4jjl>ll C»ll j (jjJj^all .6.6 

265 U 1 ^' -7.6 

269 

275 >lyi jjjJ >LjT) CjIjjaJjj 7 

277 .1.7 

278 J>iu- , 4‘4 .1.1.7 

278 A -2.1.7 

279 (jjiLoi-( (Jiiia -4) - (Jjuj .3.1.7 

279 (j>lu:-( Jjjja jj_jK-4) - <jjuj .4.1.7 

281 ^yuA’ill j S j-421 .2.7 

281 - V'l 5MI _i .1.2.7 

283 4LuiL4l _jdj c_sjI£j11j o jaLII .2.2.7 

285 (4 i'.6V'i) 4_i3>al| 46>d<a - ‘ 1 jj ^ .3.2.7 

287 4 ^4 . >,'1 l - A a\^ \\ djl ji dll .4.2.7 

287 >laljS- JiijaSj^L .5.2.7 

288 4-iaUI .6.2.7 

289 2^1 >11 .7.2.7 

290 PES > <-«LuJ .8.2.7 

294 <J>ull .9.2.7 

295 oaljaJI .3.7 

295 4jjIj^ 1I (J^al>ll .1.3.7 

297 ^>6" ,j^al >JI .2.3.7 
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297 .3.3.7 

298 dUmki .4.7 

298 aLAs\\ .1.4.7 

305 4nkil f .2.4.7 

308 a ij - -^4 dL^.^41 4bi ^j|_aj_2aj .3.4.7 

311 4k_L^a]l dl-ldii]! (—luljl jl yc, .5.7 

311 4ijLdll dLa5l*Jlj .6.7 

312 jl«Vl .7.7 

312 jjjUll s^lc-lj jH\ .8.7 

314 ^-^.I^kl 

325 (ik£ jjj! u^jjT) dl jjaJjj 8 

325 dl jkl .1.8 

326 4Iajfrkl (Jjjjjjjii dLSj^i .1.1.8 

329 4jjk*JI dll £ ya .2.1.8 

330 j o ^421 .2.8 

331 (jjj^jkll .1.2.8 

331 cio^ .2.2.8 

334 ^j-aljiJI .3.8 

334 A'l^nKi-all ^j-aljill .1.3.8 

335 ajjIj^JI (j^alj^JI .2.3.8 

335 rn^/l .3.3.8 

336 dlinLj .4.8 

336 Sljikl dildjl jll .1.4.8 

336 CiLad^all jlj^i .2.4.8 

337 ^cjjl^)]lj a jVi^.oll JajLi-all .3.4.8 

337 olijjj^jJI Jjlii 4i2ic.i .4.4.8 

339 4ljLd]l dLa5l*JI j (jjJj^all .5.8 

340 .6.8 

341 ( x^.l^)-4l 

345 JjjLjjll dl jjaJjj 9 

345 dl _jj_j-4l .1.9 

347 xd^ullj ~Aj. ^131 .2.9 

347 Jyjljdk dljS^a (JjjUjll (_^4 j dlj£^a dL^Lc-lili .1.2.9 

347 Aj^)ia*Jl AjliajJ^jilll 4^1 jVI .2.2.9 
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348 ( JjjLijj-4‘2‘1 - CjI .3.2.9 

349 ( JjjLijj-4‘2‘1- .4.2.9 

350 cjj j4jj-4‘2‘ 1 >« l. » 41 j> >'41 >>i»l .5.2.9 

350 >4 >11 .3.9 

350 41jl >> >4 >11 .1.3.9 

351 >4>ll .2.3.9 

352 41 >.> 1 >4>ll .3.3.9 

359 4»»4 .4.9 

359 40 Olivia .1.4.9 

360 >1>j .5.9 

360 a >>41 OLjLiuijjiyi .1.5.9 

361 14Ja4l - ^ j .2.5.9 

362 >*5U4I .3.5.9 

362 441*11 ajl>4l d>^)4 4 Laa441 .4.5.9 

363 <1>i>_j 4! cj^l4l i"!,3-in.a .5.5.9 

364 jUl] a4j4l dl»l .6.5.9 

366 a.*m41 dl>i»l .7.5.9 

366 4j»I <»-*ll j (jjJj>4l .6.9 

366 jtaVl .7.9 

368 £=4 >41 

375 (JjjLjL-£ji) >jj CjIjjaJjj 10 

375 CjI >ui >>41 .1.10 

377 ^>>41 j a >441 .2.10 

377 L_ajl£4La >441 .1.2.10 

382 a >441 .2.2.10 

382 44L4I .3.2.10 

383 0=1 >11 .3.10 

384 oUmLl .4.10 

384 >14VI .1.4.10 

385 4>14I I .2.4.10 

385 >>441 .3.4.10 

385 a>j41 ajAi^ai41 dl_»]l .4.4.10 

387 041 >11 ^47LL .5.4.10 
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387 AjjLajll diLa^iixil j .5.10 

388 jl*Vl .6.10 

388 £?.! j*il 

393 (cjVUii) ^Ijj CjIjjaJjj 11 

393 till jj-o _ jj_}<4l .1.11 

393 ^lii .1.1.11 

395 ^li-alll j S>a12I .2.11 

395 (o^V 1 ^VtSii) ^Ij# .1.2.11 

406 <£>1*141 till >i*u]_j4l .2.2.11 

410 g4l>*2l .3.2.11 

416 ( CjVljij-6‘2 jjliJjjj-3‘1) yJjjj .4.2.11 

419 .3.11 

419 .1.3.11 

420 >*aljiJI .2.3.11 

420 <jjL)>$£JI (j-aljill .3.3.11 

420 <3>* ^;l t >*al_jiJI .4.3.11 

421 <j>U4I <j3U4I .5.3.11 

423 <jjLlgj£]I <*gjUL4I .6.3.11 

424 AlaUJI nUl^VI -4.11 

424 t - 1" tllllla4a .1.4.11 

425 *jSj» dl*5U4l .2.4.11 

425 Cjliukl .5.11 

425 (jJjjjVI tli^llij) Jjj .1.5.11 

426 ^U*ltVI -2.5.11 

430 tjUfrl .3.5.11 

431 <j>L^ 4I tliL44xilj (jjjj_^4l .6.11 

432 >U/I .7.11 

435 SjIc.1 j ( _ s ii2l jfrl .8. 1 1 

435 £=4 >41 

443 (4*J J129) (Jji jj 12 

444 till >i*s _jj j-41 .1.12 

446 ^yu^iMI j a>*44l .2.12 

447 jjjiall .1.2.12 


14 



448 aAjI djlalx-oll *0 AiVI s JJJ^II .2.2.12 

449 d iUsa LS ic. CjI j j jiaill .3.2.12 

450 o^>aLoia]I .4.2.12 

450 '^1 ^ Jilfill .5.2.12 

451 JLtf\ jjjJj SaIeJ 3^ J 4 3 .6.2.12 

451 a^UII d7lc.li2l .7.2.12 

452 4£jild]l dil j 0 jI_)a1I .8.2.12 

454 x-n^ull dLiiij .9.2.12 

455 .3.12 

455 a,35jiKja'I .1.3.12 

455 .2.3.12 

457 AjjLiAj£]l .3.3.12 

457 ALaUll dliLdV' -4.12 

457 541L4I aIjJI .1.4.12 

458 Sa^VI dbLdx .2.4.12 

462 ClVAx^i .3.4.12 

462 i. i^l'l dUixLa .4.4.12 

463 t— lliniaJ .5.12 

463 AiU2J! ^1 I .1.5.12 

464 ^LaJl .2.5.12 

465 a jUio'I jxL-21 .3.5.12 

467 o jLaJI s j ig w-i I t 3^,4 .4.5.12 

469 AjjLdll dL24*JI j (jjAj_jxll .6.12 

469 jL«Vl .7.12 

469 jjjAjII oaLc-I j L? lull jjVl .8.12 

472 

477 Jj-tjVl dlij^ 13 

477 .1.13 

481 g/uAi'l j a jaLII .2.13 

481 (J Aa^aJ I AjjjK 3^ J 4 a .1.2.13 

481 (_ pxaaJ l 3^ J 4 3 .2.2.13 

482 3_^j^ au^ J Jjl (3)^4= .3.2.13 

483 Luja. AjjJnxll ( AjJ ) JjJI dljJAiljj .4.2.13 

484 uiUVl .5.2.13 
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485 lijj .6.2.13 

486 ajjoiIauJI (Jajll l2iLi. .7.2.13 

486 .ii*ljVt ajjoic.1 .8.2.13 

487 Ofl'jaJ' .3.13 

487 AjSjjISjaII .1.3.13 

489 AjjljaJI (j-aljaJI .2.3.13 

489 (j-aljaJI .3.3.13 

490 AlaUJ dUL^fl .4.13 

490 ■ .4\ 41 4x4Vt eljl lllllfLall .1.4.13 

490 4-4 5 4 \ . iiiVi*-*]t .2.4.13 

491 «— lliniaj .5.13 

492 Jlj- .1.5.13 

492 i-j iiil*jl* .2.5.13 

493 AjjSilt ^>4 .3.5.13 

494 Cit j q^*l t _ja. .4.5.13 

495 i_aL2V 4 ilAj£j^]l .5.5.13 

496 eJjj4l jjUII ilU ji. .6.5.13 

496 i i»,4nlt 4 sjU 3I iliUSj^i .7.5.13 

496 4jjL 42I ilA*X4l j .6.13 

497 (jUH .7.13 

499 jjj-iill oilc.1 j jpVI .8.13 

499 ^t^Jt 

505 ( JJ4u| 1 m' ) ^ 14 

505 Cilj^jjjJl .1.14 

509 .2.14 

509 djUUujJjVI (jjjl* .1.2.14 

510 ijjjK Jjjjla .2.2.14 

510 o jiuLi*]l sj^lJt Jjjjla .3.2.14 

511 4jjj£* 11 ^-tj^VLj o^>*14t .4.2.14 

512 oUailall lllLllglll llltj ( l4*j] -ll*l ) ^ lllljJ^JjJ .5.2.14 

512 4 D ] i n *11 JJC. ( Al*t ) ^ j(J lilt .6.2.14 

513 gStj-ll .7.2.14 

513 cilice. jit .8.2.14 
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516 od jaJI .3.14 

516 .1.3.14 

517 dl iukl .4.14 

517 Alualill 4dic.VI .1.4.14 

519 4l^>5UI jIjJIj dU!*U .2.4.14 

522 .3.4.14 

522 iuj^l aliuklll .4.4.14 

526 AjjLdll j .5.14 

526 .6.14 

528 >41 

533 (aH) 15 

534 dil .1.15 

538 g/uAi'l j S jaLI' .2.15 

538 ^jjISjII jjjiall .1.2.15 

539 dULijaij jjVI (jjjjia .2.2.15 

540 ^L4I tijU .3.2.15 

541 AjLajJSjjill jVLj .4.2.15 

541 ^LUB Sa^VI .5.2.15 

542 LuLiaiS ajdV t ( yjja j3 .6.2.15 

543 SJIjcaII 3j’nq.;i'l dh£^a .7.2.15 

543 (dajljjjl) al iIjjaiIjj .8.2.15 

544 . 4 all ( doji ) . ‘ il^jxajl^J .9.2.15 

546 ( d-ajj JLa) [_JJLU duk^a .10.2.15 

547 ( (j_jsLoi dajl) dl .11.2.15 

547 Ofl'j^l - 3.15 

549 AlaUdlildl .4.15 

550 dliuki .5.15 

550 cAjjc. j]| .1.5.15 

552 AL-alill 4 j2ic.VI <jlij .2.5.15 

557 dlla^all Ajlii .3.5.15 

558 ^jjxajljJI dldaLiJI dldlj^ .4.5.15 

559 oliuklil dU5UJIj A^Vl .5.5.15 

560 Lij^jd 4 dl±i£jj]l .6.5.15 

565 AjjLdll dLa5i*JI j (jjjj^all .6.15 
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565 .7.15 

567 jjjJjII o^lc.1 j jjVI .8.15 

571 jJi 

579 AliLual) ililjjLlI Cil jaojIjj 16 

580 dll .1.16 

583 aKJJ\ .1.1.16 

583 t. LlLIa^li aLqI^JI djl^jxa ^ j^aII .2.1.16 

584 ^yuA'ill j a ja!4I .2.16 

584 a^jjjouiII jiuiVI CjIjjaiIjj .1.2.16 

586 ( jiJ ) (^Ijj CjIjjaJjj .2.2.16 

587 .3.16 

587 .1.3.16 

588 .2.3.16 

588 j .3.3.16 

589 CjULikill .4.16 

589 .1-4.16 

592 L4_yla .2.4.16 

594 Sjiiu J1 JjlaVl .3.4.16 

597 2JjL4I CjIjjLI! CA414 .4.4.16 

601 LuIj j$£ aLa3ja CjIjjSjj .5.4.16 

602 AjjLajll dlLa5l*JI j .5.16 

603 ojIc.1 j jjVI .6.16 

604 £a4^>a]I 

611 £jjUull CiLa^Ull o- j$i 

641 till jl i rll^V I (JA J^a 

653 4-ulj<n5ll liLS i jaII ,jjj i j£2 

689 ^iijjull tlmll 

701 <j : CiLxllxusull duj 

719 w ;j & — : CilaJkuaAll Cuj 

737 OO^I 
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<Uajj I jo* (J jlojSal) AXutlui 
^jxSl jja-aI] diLaJl Sj^L-a 


t5jlSU Ajjljl dllj A_u£j dlVLi-A lAjlSijl ALaLaII 6^J (jl ^ L-uSaJ 

^laljj 6^j£iSlj (_£.3lA<ali3VI ja'M LixaLujI 1£^)^a A3^)xa]I A_i3 C ^ h^> 1 ^)x^C. ^^3 

Ajj^)*J! 4 jV^MI j a^Ltl] AiC« c^HaII A "ipA (jjj aLaLuJI 6 1a jxlj 


Ajj^xJ! Axlllj ^j*j j CjLaLuaJI <ja AjjJj )\-LaJ ^3 £3 Jj Aa^^joII 


* Lg_lA^ j 


^2 007 — a 1428 (j^aLj^l i^\l ^j^JI Aa^II ^aj^a] ^aLa^JI (jLnll • Vjl 
i** n"\ c!2>IaLx_a]I j ^aU! di^JI a*_1 ^a Jj cAjj^}*-!! AxIIIj ^LojaVI 
JjLojj cilli ^3 LaJ ^xJa'N ^3 A_1J^}*J! Ailll jJn^. L_J ^ 

.^lAjJC>j dljjljVI j cJU^ajVI 


1 g \c> J£!nj| ^lill Ajj^suoJ! Ajj^)*_1I a^IaaII ^3 «AjiS*i\l j Axilla ^]l AjaLixuII » i LijLj 

c CjI^Liaj^ j jlJ! j i jLxHj (J jjjjH j coLiaS! I^^A 4 j^.nl j!La] A_n3J SjjaC. ^Lqjc-I 

CAn jj£iy\ j 6 CjLa^Lla]I AjjSj j cAjjj^JI Ai’iiull J jx x«^N AjaLiIaII CjIjj3j1Ij 

.AluHj c^Lo^SjaII j| ^ aIIj tASLLJIj g.1 j tC-lLj jjJall j diVl.j^ajVl j 


^jC- Vjl SlA\ ^^3 £.1^. La ' x «ojl (J*3J ^llH j^a\\ Jdi! .AlC. iAHaII 6^)AL±a l Li5lj 

(Ja AAC. ^)iC. ^J^)*JI (J jWaH <Jjjj flA^J </*n^ idljjjjVI ^ Ajj^}*]! Aiill jjjJa^. 

A ql'i-\A ^ ■AuiiJ! j ^ jl*-U lA^lilj ^Illl ^jjLulaII 

^Jc« j>*^a\1 A1a 3^)J (J^Wn La ^J^LudAll 6^A (j-QJ A^IaaI! 



4 >.o' -s (LaI^AI i_u£AI <a^.jjj (_ 3 U.I 1 La l^laj tCl±jjljL/l 4^ im ^^Ac. <la.ljlj ^JJ (JSLii 
4jtAil ^^Al dliAll j^A “La^jlllj ^^aAxII jj’l^. -a" s-ljil iS^ -' c 'P u y LaA 44_ia1xAI 

.JuLa ^Alj ^aAxJ ^^xll (jjlijll JJjjj 1 — i S4$J 4_1 )j*AI 


^ajU.ll 4jila_j]| 4_u)LliaAI» ^^lll dll jyftll j)A (_]£ 4 jHj ^^Ac- 4,1. .A, .A' Ja'i.'.Vi 

t4_uiiill tilL (_gi lij^)*-a UaIIc. Ixaa^A J jVI L)J^ dn-sj diSAI djjli.lj . «A-uaj]l j 

i—illfi lillj laau J3j t jjA~ 1 g .all AAalc. Jl Ig^k. 3 A Lalft Llj£ dlUillj (Lut-aLa*. Lll£ jllll 


Ac. ja-^ a La Jc. <La.vft.all j A j-y ftl jlLVI djbl'ftll 
^jVftll j 4_J*AI i"iI%IA-»i.^iaI1 -IJIa Jldal <■ - ]L£ 


t_ufi -LLLLoi JaA.'.Yi iAjlc. j . J£l 3I jia.lj 
(J^ih^tn La£i tLaSajiA Lll£ (j_pLLj 4jjtj 


Jka 


all f\-\* *1^1 Aim.! mil eibk a, WixaII 


t4 j Vftll lillj J i_ij£iAI d j\ g aI j>A a. lI'VslI (jj^J jl Lj-la jjjl*-a (jjj i . ft^ll LSjjl (jji. dl j 
(_ 3 jd L)-?^ V (jl 3 t 2000 ^aLc- d 3 ju«a jL 4j| j 1 Italic. ^A v ,g /.'ij (jjaljLS j 
AjLLILj LjjjfLa 1 g ic. Jill 4 -n mill jjSj jl j toJjdaA LA (. _ iLil -sj dn-m l _ya\ i^i'l-sj/l 

l_jt&]| ^jj-aa^A jjfL jl l^j^lj . 4jtA jc. “LaaijlA dlmjlj c_jllill l^J l all ( __gdll 

4 jaYiII 4jIaC. J jaALuiij jlfbjLM j 4 j Vftll (Jaj ^ 3 ^- J 1 . n<n_i 1 jft iA- 1'1 LAaC. A -\ g 13 

. ^^.jjxAl ^^S^xaAI (j j'i*s aII ajbj (JLLa. jA 4 jjL-ajjsL/l 


J3I3 ti—uSAI jA A£- ja-\ a II allA j j.'.^i; a.ja m 4 j Vq'lll 3 ^ j)L.ll jjjxil JSJC. dlLall 4 jjJua jl 
^ 4JUII 0J33JI jjLaal l^HLj ( _ s lll -Ijg >11 i^ c ' LA^jill Ljj^xll 4 aU'iaII jSoaI jl 
( jjA^aj-aidall jjai-^ jlAll Ig ‘lift 'll jpat^ t _5-l c '3 Pj'-r'-l^^lj LAaajill 

^Ac, 1 aljdVI Lijil ^jlll 4 £. 3 AaaAll 4 aaUAI 4 'i-nIII ^SauI La£ l jLsajVl Lc-jau (^ic-3 

jjAll 4 1 Vq'ill 3 ^jUAl jjjxll Juc. dlLall 4 jjAa ^^3 ^^jjLaj ^U‘1^3 4 aU'i aII ^g3 Ia jLajl 

,^j^aJ| 3 j'^ aII auI Juc dlLall ojJIaa did j3*jtjj 


—A 1431 / 3/20 jibjll 


4,j 1 Vi. 1I j jlxll jj j*JI AjC C.IIaII 4_Lia (jjUJj 


JjjaaII ^jAI jj) jj ,U,%A .J 
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4_ii jjLjiiii cj) & j !\ 

JjjUjlSlI c 5 ^HJI J) A^jj^j^l dl JJ-<ul jJI Aj jdj 

A.hx^fr dLiAj .AjoUJ^)]I 1 ^ILuAjuj (J <_£ ^lll dllj tAilxx S^oj 

.Adi ^lo i_$'^ ^ (Jjdj <Lald 

(Jd^-N ^jjjLoiI ^ic. A_lua1I dl^j^jl^ll ^Jl ^aVI <> — flj-all ^djj 

J jjLjlllI dl jj-<ul jj jl .(NVK) I jL-alkl aJI jj ^ill (N-vinylcarbazole) 
<(PVK) ( (Jd^-N) 4 ^^ ^LxuaVI t-al • ^ ^ dLij^VI A-*jj 

:^i C* \\ qj l^J C^.j ^ L>°J t^jda AJflU oCA (jj£ Jj A_j dldoll dl jj-<u1jj11jj 

^ (Electrophotography) ^Jlj^jjja j^dll jjjjd ill .1 

4 g. ^jJall S^-L-adl Aj^)jxnl ^ j]| dlj ^J-lll j 2 

^(Photorefractive materials) ajjLo^VI a2j jdall ajjjJaxII i\j2\ j .3 

.(Photovoltaic) ajjILSjS jj^AII $ J^VI j .4 

^jJaLJI (J^ll (j-o dLmxJjVI ^ dl Jj-<u] Jj]| £)C^J jVI dVLaduiVI dj l£ dl 

^1 SJUaJI JjjJI 4__)-al^d 4 LLolJ C jdnldll ^j-q l&^yc. j AujI L-' la’ , ' t s^\l 

siljjLil -3_jxJ ^lj!ii.l os.l__)j LS \c. s-laht-a tIBM Llllijl 41970 j»lc- J .l$j jlbaJ 
c jc-jjja j$£JI Jl^-o gh is jbb ‘(Shatluk & Vahtra) I Jjbj 

.(TNF) I jb^-a’i'kl j! (j_jjjj_jia-9- jjb ( _ s I£itj-7‘4‘2 £-« PVK <jx 4, wbll ^lalj l-iLt-o 
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( tfejjS-N) ) jjajI jj -_ji CjI :( 1-1) JjAaJI 




(JbjS tJuAB CIAjJjjj! i^jjjiLai 

-2- cJaI^-N t 

J j jU jlS JjIu -N 

-( J^ba J^-4)]-4-5- Jobs -2 

^ l)j -4*3*1- 

J j jU jlS Jiiia -N 

$.Lg t 

6 4„iu 

J j jU jlS Jiiu -N 

JibJ! dj!)L3^)£l!b-o 
^ (Lb Jjja <1]11 a11 AjjjUI CjUaSL^il) 

J j jU jlS -N 

dj^j^lb-o Mx.a i (Job-all CjL/U^llb-a 

J j jU jlS Jjjia -N 

^ Jxajj Jlba <Jbj£ -N 


^ ^ (JAiaII c2)L^)£11ia 

(Joj-u^a [ Jjj -9- Jjjljjl£-( (JbbS-( ciiba jjb -4) -2- jj4-u-2)-3]-6 

^ ^ (JAiaII Cb^Lj^Sljxa 

-( (Jbjs jjb-4)-2]-3]-6 liLLj^tb* q> \a-^ jlJ 

-9- (JjjWj^ - [ cJ^f 9 

1 1 (JAiaII C1l)Ij^)£11ia 

- cJ^b^ cj-^-^) - 3]-6 tiLL^tbx (jb »-o2k jluj] 

cJaj-u^a [ ^3^] -9- 3jj4j^ - ( 24^° _4jj^ j4A 


. 1.1 


^).,ila^ i A_ AaC - A ^.1 Allix-a j (J ^ic. 

# ^ o^ixlLa JjjLjliSI 6 ^, j ^jlij <jl t^q'l 


JjjbjU JoLS -N . 1 . 1.1 


^jj . * *iV I (Jc-liolU J jJLjjHII ^ JL^b] 

.AjjIa 63 ^gA 6_jl^j-£ajl b, ; iljura J 
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qa PVK ( ciP^-N) ^g-Sjj cJj^ ^ tcJlxll 

( 1 - 1 ) (Jj.wll ^jjUJ . A^^jLolg dal A_ill < sL-iaj (_Jj 6 (J (Jynq -N 

.A^^)Lu 1 a]I D^A ( 1 “ 1 ) XtiW J 




ASj^maI] AjIjxooIjjj ( JjjLjl£ JdS -N) 


Cj\ j±aj 1 i^j ^ AX^xIula CjI jxa •(!-!) JiuiJI 


Lu jJa 4 j?tn 5 U' <GojlaJI Jjji 51 uJI till j Cil jjjsjj ja!I . 2 . 1.1 

A 

A )Pi^V kAJa^ll ^-a ^Lilax-al ^ 

Vi A, L* lUVn . Lx-a ^jl ^9 Lij jda aIbLj^ iNLO LiJj-tJa 

(JLk^i <j£-aJ . La lc-^j S.vix^a 4 _uj dl^i-a jj ^ail (j_jfL tlj^^^-a I ^Jol.n 'LajlVax^l (J-al£ (_pijj 

^3 4i^)l_xlLa ClL>Lc-lij (JLoxiiuAj <. iuLia ^]| dLa 


^j\_iuj- 2 )- 3]-6 c^LL^^Lda ^yiujj dl^i^ u -0 i^A ^Ac- ^Lai-^ 

^pJUj 1 lilliSj [ Jjj -9- Jj jbjlS-( Jjit9-( (JjjjSjjjj-4)-2- 

4Ajj£li^ t _p m jiu:l IjjjJj iJauiSa [c_JjJ - 9- Jj jljjl£-[ Jjit9-( Jji)3jjjj-4)-2]-3]-6 
. Jj*j£a [(Jj) -9- Jjj^J^-( jjl jJjA - (Jjjj 3 ^jjlii )-3]-6 


j c jj 2 L ojjiIJIj l^ia di! ji«jl_jjll (jjjij (jSjuj idil sLa ( 2 - 1 ) (J^jjII (jjjj 

. (AIBN) Jjjjj jjjj (jjyj jjl- , 2‘2 (JLaxloilj s j^JI 

(cl AiljJa! Jj Lij g^Jj aIbIj djl^jjjul^j]! a JA ^Jjugj Jjl <jj g - jail J 21 AjjiI ^jJ dl^j^Jal 

.4 i'.L'H Alalj JJ jc. J t(Sensitizers) clLAj^ 
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h 2 c=c— ch 3 
I 3 
c=o 

(CH 2 ) 6 o 



— [ jjjj— 4 )~ 2 ~ jjLijj - 2] — 3] — 6 ■ mji_; jS' JAlu —2 '' 

2 .) ‘ 1 .Jj j3 j— 


h 2 c=c-ch 3 
I 3 
c=o 

(CH 2 ) 6 0 



— [Jalu— (J jjja jjjj— 4) - 2] — 3] - 6 JAw — 2 _ ' 

JIjjiI 2 .) ‘ 1 ^ ,J_5 j4 J~ 


h 2 c=c— ch 3 
I 3 
c=o 

(CH 2 ) 6 0 



jiuJ (J jj-u £ a [ (Jjj — 9 — JjjLjl£ 

^ jjJaaiU! Cjllukl! CitjAajjjjj :(2-l) JiuJl 


- 3 . 1.1 

tl.llj.J-a aISUj t<ia2ii] 4 J 3 U 4_lic.l (jjSj (^ill A j'i'J'M 'I ,}Ija]1 

(jjjll 1 L 1 I j iliLS^aii (jaJ J tdll J jLoJjjI] (j^oj 4il . JC-j oilAc. ililjiai] (jlS . 

• ^ ^ l>> jj J2 laJ (jl . ^jI-ia-A 3 ^ V 
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dl i dL£j*JI : Jl Amorphous ajhlo^l 4jjjd*JI j| jaII Jjjjij lsj^ 

did ja (Ja 4j jdail a jg.-vVI ^i'uAi (_£ jaj laAc. .dljAxui ja]I j ^diddll ^ii^dl (jjjll 
a j* -^Vl p.di Lii^- cs^ 1 S-^dll did jjJIj .j^A'a (jjj dll j 


.(Spin-coating) <^aI jd ( _ s Ilai) j a_udl (JjjI jdj dl jaaa] jj Ja <j"jUI 

dajAjjAll dl jjaiI jaII j 4 i>>Q-C'dl 4_i] ^ a] 1 4 V'Ch dli dLiL^dl tdal^p d^a*. d] 

I jJa' 1 dliiaJaiill ^ja ^3 4xd j 4_d ja t j ^jaa! tJj^)VI ^aLla a-ic.15 ^d- 

j j'ci\\\ 4laLi j 4diLi al^d a li-. ^a 4a £\a\) La ^11 


12 . 


. ^ Aad^ll lg"<LaL.i ^JJjjLjLSlI dl.li._jj dl jaajJ_jj a_idjj (jdu 

^3 LaS 4<ilat_a 1 _jj _ja_) dli (Adducts) dLaLada ^lidd t^j^l ajddl 


.(3-1) JLS1I 

(J j _)li jLS ) ^Iaa dl .Ai. j ^^d Aajj__)]I I gtLd.a ^ f_g jWi ^i)| dll jjaj] _jaJI Lai 

oM^-4‘1- Jdill ^L£-'N‘N-( JJ-3- JjjLjd) ^li-'N‘N j njJ (JJ-3- 
. ^ JaxaII (Ullmann) (jLalji a. < ASI JIaxauiL Ig . nS jp ji-ia tjjxVl 
JlSiSVI ajlj^ AjJ jljjj .JaluAA _jd ^jd dlVI ad (4-1) dl dj 

,4j_jla -djA 216 J 102 jjj (j-^d jll 


^addjll j SjaLII .2.1 

s .1.2.1 

( -N) tjJjj. 1 . 1 .2. 1 

tjjukj ^ J LiJjjJa Aisljll Cl)l ^Laj]^]! ^aCSI PVK AxJ 

iAjliJI jl^-a ^)J J X ClNI ^9 TNF 

A_^.^p TNF tljUxn A-daiLai^II Aliis PVK/TNF ^jl ( ^Jj 

.lilijlldo Aij*jJa PVK (j-G ^jl 6 A_lojoi]I (j-a AJlc. 

^ inui (Jjnq\l ej-ojj CljjjVI Sji 

Cl J Cd U (J_jxLall t ^ a l^J 

A^^Jjaba -71 A-a j-lVl^a La-a i ^jCaJ^^lill (J jJtLall (d,-*"^ a J 

(JLajClujlj a^jjaiLda NVK Cl)l j-a b^ySj .A^I^jJ-a 


27 




(j jaS/I tjjb 0°i-4‘l - JjIiS ^LS.'N‘N JjjLjli i S/iS* :(4-l) JiuJI 
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(jl (jSaJ (jSlj ^.VSAA ^5^-3 dal ^Ja^jaII b^l S^aI^II IaI 

.AU jjjl SjaIJ 4jj)^s\ 1 al jjIIj 4_Laij^)A (Jjnq\l S^)aJ) ^JjSj (J jjljjlSlI CjIjS^a 

— Cljl^i^-A (JIaXJjojIj Aj^JaL (jSaJ US .4j_J.la. (JIaXJjoiIj NVK JaU 

S^aLlSI jl c^UjoiV^ SjaIJI jl w ki\W (JISjjU s^aIJI jl c(Ziegler-Natta) IjU 

(Jja tfi^)aJI ajIjliu>VIj NVK S^)aL c jSaj .d j^daJlj d ^ aLJ) 

<Lli ^jjc. I^jUiUa q\ Vj Uajl a.'i'naa S^jaLII <jj IaS . cIjI ai*aS j^nll jl AIBN 

•jj® 

* 

jit J jkA fi jaLLj jAII cJjli ^ jV UJJ PVK ^ Jj ^a , a Jl (J ja> J 

<U_jJ .lie. cilS4“n _jla. £a (J^U\ (Jjil "\\ a 'I JLaxjjoiIj t ^jajIaIa 

13a .(ADMVN) ( Jj jlj jjJ 13 ciA^ ^lij-4‘2)- (j^jjjil - , 2 t 2 JU a-j^Va 
Ia I3aj ^ ADMVN j -0 UjjLiIa NVK £_)aL Jixa (jjSj t J ^.UaSI 

. 6 ^a 1 il l b ^ ^ ^ i -V **< y\ \ 1 ^Jf~L ^ 

4_a.^p L5^J £a S^aLII Jaxa u> tiLill tc3U3 ^31 

3 230 000 4_ilc. (Jj^aaJ ^ill (jjjU JajaijJAll ^jjSj AijiJI ajl^a. 

.jjjiij 

l^_i3 V dNl^JI ^jia cdilj ji jl£ VU-o (jl£ UJj 

0 f 

j-i^JL a j All U^<\ (j£^j 4^j i_u2o (_ji Nila Ja tdiUjjjlSll oIa a 

. l*-a 1 '^1 . /i'i j (j| dllj jjjISIUj ^pjl 

Na c jLoS jjJillj (CHO) ■\. u '“^j' J^° ciiljjjj j Uai 

• AIBN NVK jxojjj-al bjaLII (_gi JJJJ 

(J Jja ^il (Jjaj (_jill 4 PHJ + PF 6 Uaj^Lo I ' ■ a j^l'll (j-n->.T' tJjlLalU 

is. jl^ ujl J NVKj CHOj PH 2 I + PF 6 “ Jl ^ -ujJ^j 

(jal j-all (jjijisll Jj jjjalall NVK jia. j)S-aJ <jU lillj Jjl*"' (jS-aJ .LijalsJ 

g. * * f ^ y~i 

(_ji jl <Lo^o Cul£ al jjj >11 j^aij'u a j^al all (J.a».V>ij . (Jliijl (Jc-li!ij 

.AjjSjll dll j j jAaJI (_gi AjjLttll a" ilal«-a]l 
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It jj> NVK jxo jjjx LiJj ail jjiaJl £jjj Sj-UJI 

^ A,.i (azo) jjl >■ _ '*sj^ (jLaJj UjU-ojS ,4.3>l> j I— aLJI ^^ic. 

. 18 ^UJVI 

djULiJoi J_jjj (j-Q £-g 421x41 Jjjoj£ 412 

<■** nfn u?J^ •£ S ^ij *(TDI) ^jJjl jllI CjIjIjjujj jjj ^Uj l&-° tAAiIa jll 42 jIjj 

^jljjlj 4LiA . (J.lx4l ^rJraj41 ^lc« jj' 4 jjL^. (J-im£j jJljA "b^Aj jl 

^jljjai -2)- “ 2*2 j ( - ^jl_i*jj -4)- - 44 L&a <jIjj1 

Uala.ba Lqjoi_j (5-1) .Sj^^)4l 4 .i 4. Ja^II 42ic.l4j]l ^jLxJ-ojj ( (J 

.^U.jll ^JajaiJ jj' 4 j1ax] 

LxjujI j V LaxHuJ (j3^ (JxjtlLoij .AjjjL i juU ® .jaMI 

^3 ^^^21 . \j >. *)^ j\ ^^j\j (JLoxjjoi! ^j£-<u3 .a_lqLoi4I j! j 4I £-o ( ^a 

. ^ 42^. V 6^>aL ^-c AIBNj NVK (j-o 42jjlj 4 -ujUI l-jjjjoij 

Sj421j 4. ; }4.i]a j]l 4 jjjU 1I 4_ijjJj41 L_njljVI 6 1 a Jc- (J jj^aaJI 1 x >iji 
* ** * 2 1 20 

1^_1La*2jujI (2^-*^ t -" aujoiLLq j!j41 6 2a . ’ NVK 2>° AjjI j 

.A_ijlj^£]l cil.£if\41 j 41 SjIc-V 4L1211 dAjjUaj ^2 jLolg 


^oh 

OCN' 


CC -uCC 


HN 

0^0 

i) 


ch 3 

NCO 




HO 

H 3 C ^ 


H,C 


N=N 


CN 


HO 


_/XN 


TDI JLulLuAj ^LaJ ^Jxlu i jic- <UlJaj jj> ^jLaJI :(5-l) JiuJt 

o^-lx!L<i Aj^jlj L-Ujlil PVK J ';-^ }1 ^ 0^°^ 

S jlj^. Aiji i (jjJiJ! ( _jjljj-2‘l ,^i AIBN JLojtiAj ^jia. Jc-liij ^ j jll 

^!iij La.V'C JJ-^ l — ili L$^ i—mljVI J*ijjj . 70 C 

<ialS djl jIjaII s 2 a ^laju .S__>AiJI Jc-Uj ^aLou la^j ‘ JaAilt 

" 1<M»*, .'1 
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a \ k ^3 NVK l q . jii] . A-lu^L^. d d ^ aLlII 

J> s 

cJ-axVJ L n'v <PEG I j Ua’i-s I aA\ jxjj l£-^ (iJ4A^\ (J jVIl ) cs^j^ 0 -° (Matrix) 
(JjN ^ Jc, J i q y 4AauLi4 4 w >il ^ PEG (jl (j^jj Lil j . -2 Ia^iS^q Ce 4+ 

; ^ l V’ ;j<V I ^_1 ja j <j^)lLa _J ■ ^-*4 a^»J ^Ic- a^lE j ; -' '-’l >'~i-aj jq'u.-.a ^jLIj Jt -a 

• ( uj-^jja , - 2- J^S-N) ji 

4jlaU]| <JiLa t4Lal^)c.jj 4jI jj-a-o ^^ic. LajjLi. IjjjIj alii! (jl .4 nil 

^\a a J>^>- 4jLa^ 100 ppiTI (j-a (Jsl *• ^1] ^ '■ "’ ^ 1 jj . 4 jj ^ N 4 j , ■■! , ■■ VI j ALj^jJall 

jxaJ^JI * jj ■ >» V' '.I (jt a_Li^j 4j£] j . jya aj j^ail ^ ^jjjLall 

(Jj 500 ppm (_ S J^ cNVK J4-ajjj4lilj 4 La]I ^ 6 lA-zO -LfaiUJ IjjLa 

. Jj jj'^V'. _> a I ^>V ^ > -a ^-3 du^)j£]l diliS^-a 4 Vi . >>V L 

ci_uAia L—uia 4 Uml jj 4 jj4aJ^JI o^Lall (J^. 1 . '„' ‘ [1 j" 1 " .' PVK 4 jan jjiaj 

j' ‘L«Jh2' j' ‘(THF) u'jj2jjA}A ^jC-U J jl JLii-a ( _ s j(j4-N‘N (J-L° 

.J jjliiAll 4iU>a(j SjLall L . 'J ■ "j"' A ‘ -J-''/'.. 1 jl ‘(j4_^ jjil 

La (jlc-^ui jj 4SJ4 j£ jj-lii 1 . 'J ‘ " j" 1 " 4. j\-aC- ^LiiJ .alll^j-a SjlC a_Ujjajjll 4jLaC- 

• oLLail jl^jj 

.^LjojLaaLf^ dlL£ j )Ail 1 ;j ■ r_ v .~ E>a4^fc J-aJalayj 4AJ^)Ja adliA 

^ PVK 4 . ->11x 4 1 lillij ppm 25 L>o Jil jl^iLa PVK ^ NVK i __y^ ii. 

£-0 (J A n t A^JOlJ ^^^JjalJ ^aJ t^y " a ^ < N ^j-Q (J 

. 25 4^1a V oLLa 


L_Jjljjal]l ^J-0 AjIaC- ^jl ^C-Jj ^J-0 C^lLiA . ~V U*>V1 

(JLaXJjujI Aj^jJaC- L_ll*jJ^)j]l A-AaC- ^j-Q (JjJafll JjJ 

^-sa^L^jjoi' V 1 Lol ( ^-a^L^jjaj' V 1 a-Aac. ^3 (Soxhlet) ciiLai£jjai Ia±a AjojLojI 

.JAjVI Clitliujl Jlo Ua j^.1a ^ 1 n>n V V ^ 5 ^ 

Aj^jILoj .lA^iIaiiJ l_ij! jAAIj A_Ia^-a]| A u.^aII SjLaI! tiilj ^j^ajj 

: aJUII £\ jill oAa Vn*)V I A_iIax] jU toJ j^-x-aSI (. ^ n x tijjli CjUlijj 
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.4ujAa1I S jLaII <ja %20 10 Ja&3 .1 

. Aixj ^ jn*?4 AuIaxJI caJ (jAj]l .2 


^ 0.1 j cNVK <ja aIaII 4,2 uljAll ^ lSj 2 ^ PVK <ja 4_ne J-4ui 

aUjuJ 4 )Lc- AtJ . j jj\a\Ij c 1 1 Jl^A ^^9 (jAjail 1 (J^» )j t (J j j\j jl^ll (JA <Aa1I 

Jj\ftW l>° 150- 200 ppm Jc- 4 -ia*-11 Ajjja. 1 c70 C ©jlj^. 4 -^.j.^j JAjVI AiVmJ aI^I jj 
. <c.Luj 72 x>»a a*j 50 ppm <ja J31 ^gAe jjj*JI ^aAc-La ^LA ^ *>>^ uxj Jjjljjl£ 

. <- kuj^ll A^. ^>a J 9I Ai3 (J j jlj jlSLlI <ja (_£ jj^aII IaI 


JIaxIaI ^ .(Electroluminescent materials) 4MUI Jtj-Jt 

AjjLiIa <£jIAa AjI jjaJ jj ^ja 4u j£a cLuIu^)^ ^Ijj jl ja j : ).Ax^.j ^AjjA^JI SjaUI 

. ^ Ajlj JJJ^W.1 <lalj J jAill <Mi Aj| JJAjj JA (JA 

AjjjJaC. jljA ^ic> JaJjuU C jJxVI ( ^ljj AjIAuIia JIajAjaI cIjAaIaj 

. L_l jAaII <islj AjI j.19 c^W'i a*i AjjjJaC. jIja \.^.*i4x.^a j Jjjl Jua ^-uj^-ll (jjj^l 4-Aai^JA 

(TPD) t^jjAjjL Jau 3 ^li-'N‘N-( Jaas Jjjja-3)- °(J*uj- / N 6 N ‘ JIUI Jajjoi 


j^Aj AjIujjj^WJ AJalj SjIa^j .PVK Jaa 4-<^-Aa AjjjJaC. Ajlij^. AjI j jaj 

^jajj ttilli jaj .(PBD) J jjIjjLa£j1-40‘1-( Jaus Jijjj- Cjjj- 4)-5-( JJ/n4n-4)-2 


. AjI jjaII ^jiaxJJ Ijla (j.u4.}la jll ^lill AjI jjaJjJI 


Jai^- 9- JiuA.ll ^Uj-6‘3 j NVK Jj-g i J jjJjlSil AjIaIxaa JIaxILujI ^j£aj La£ 

4 J jJ Ai*a^ jV 1 AjIaLoIA JLaXJjoj! ^j^AJ ^3 • U_J jAIH AIsIj AjI JJAjj JA^ C J J jlj jl£ 

AjI JJAjjjA lg,’Uj.^ii nJj jLiJiLa^jl -4‘3‘ l-( J^} 3 (J;ms-4)-5- Jiisj-a-2 Jn^qi'l ^jic-j 
1*1 ^ AIBN J ■ ~' a ^ J . Cjljj^jSIvU 

. <jaJI ^^Ic. ^ tJ/'A ■ 1 ■ 1 j" 1 .' 1 

j^la jjj ^ A ^’1 ^3 4 V| ^ ii j-4_ii] (_)xU!4l A] A- 'j ■ ^ ^ d 

y± i$±> i 20° C j -20° C cm C J* J 2 • J ^ ^ " THF ^ NVK 
i_Sj^- -iilj .[^jUII liuliLa — (_£jia. iADMVN 

S jl CjLi. jJ (jjkiilj 510,000 UjLoul LS Jj^aJI (jjjil (_s-ijj iujjla ( _ 5 lc- 

s O A AQ 

JLaxILaI Ale- ^.ir^j^ra Ajoiil ja^I . ’ 6 jji-k-a jj£l JJ J j^.jJj cA-Aai^JA 

. ^ 4j2o <lL^u jlijVIjjiS ^^c-Ijj -2*2* 1*1 
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Jo Jc-IaaII ^LolijI dulj Jnxli] ^ ■ jA' jjiiil Aaj^Js wJ 

c 410 nm JIa (j-^loj ,_£jAa jAj jLiiA .1 lSj^ ■Ab 4 jaoJ j-JI sjIj) £-° 2^-^ 

( Ja1j 3 jj2j3jj-i-4)-l- _jjj-al JA )" 0 (_A^- 2 - (Jj^li -2 :^jAa]I JJslJI ,W’i ' « (j-oj 

Jjiia-2- ^lii-2‘2 Jl«U s^j . (Irgacure™ 369, Ciba) 1 - j y 

' V- ' A ^ ^ jl . : yV'.V I CjV-^a-o e_ul 2 ^_11 j£Li A Lij^Ja UAj 

• 20 C jjIajj S jIja 21iIaj.1 

(jc. oj^LLall ^ ^aLouj 4 355 nm .Aic LS ^aaij jj2 «■ jjJaj jA ^lA^jj-oll (Jl .1\4‘*Y».J 

* * * * * ^ ^ q ^ . 

(jjjj .IajLui jjZiI UaC. gjtiill 4 aViVi (jl jiaj 44_liiaJI la$J . ^ a^>A jj Aa jjj£j iJwA 3 

.(Arrhenius) eaXoU2 (2-1) 2j-^A' 


NVK jLjajVI 


CZUjla : (2—1) JjJaJ 

^^.l^)-oll 

E a (kj mol -1 ) 

A(1 morb -1 ) 

27 

27.4 

2.20xl0 8 

28 

22.8 

3.60xl0 7 


^ (Biswas & Ray) ij\ j j (jJ jjjj JjaIJI ^pa^tlLaJ 1 *U£ ij-oil Jl ja!1 

! La -0 L_kl\jJ 4 j£^-o1I ^IjaII 2 _iix-aJ Clllilij 

. (JL-alx-all ^3 ^)J -0 jj J-oll (j..i-QjJa4j L_lj^)jalj . 1 

.s >*UI .2 

NVK ; (J1 > -^nl x n~ ^ ajI^j -La-o.il 1 ^j-o <j£^)-o]I jlj-oll (Jj£-oJ 

jij dili o> 2 ii liiljs ^iij A (montmorillonite) ' 

. ^ j^j^ALui Jjjl £lL (JLoxJjojIj 

2 jyy JjJ 3 4 I .yuAjl oAC-ls ^ 2 c- AaS^aII a! aJl jj ■ >i^''. jSajj 

J j22 r : \UA \ ^jal2Vi Ou-S j CjUV.AI ^ PVK 4 _^ Jn t PVK j (PPY) 
SjAjJ (j x (_AA 2jA.o PPY/Ab0 3 oALJI <iU-al Jjjjj 

. FeCl, AjAaJI 2 j j c- A 4 ^ 3 4 ^ ^ ^ ~’. iV ! AluiSjI 


.(j^-jlJI) l^jji (ji Mont Morillon SjL JJ Jah Ciujjj^u y. 


jua^, <*> 
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cA.a uA ^k. PVK sjk jli .THF PVK J <jLjl ^Jl UiLik <iili 

Ajlalj Ja jsk.'^a x't'ij ^glc-l AjjIj^^II AjlaLill j .ULLui 4 K^n^ll PPY/Al^Og 

• ^)JAj]jj]l 


t> NVK s j^Ij (Ziegler-Natta) 12U- jlijj jaj SjaUI 


^Uj ‘L^jj^jj-ia j 6 ^jj jLo£a - 5 6 1 j CjIjjjVI (Jja dil jj-ft^j-ftll 

^^jjsl^JI j| ^ ^jjljjjll (Jjjjjllilj ^.'4U (J-jJJ-A ^joiLa^. .VixA (Jj-ft (_£j|^J (JLft.xIlt.tllj 4 (jl ^)JJ j^j^jA 

3 ^ (Jj-ft it^l^Labft ^gjl^^j (_£jl_J 4^1] 4 aJJJ^£^J^)ll ^1 


B(C 6 H 5 )(C 6 F 5 ) 2 j B(C 6 F 5 ) 


Ijj ^jJal j]l ^)j c. (j-ft AjI 4 A9iir\..\l . — V8 C A^,_jJ (_ 5 ^ a^-ftLJI (_£^>^j 

Aj]I x^ft Ualjj-ft cilL c** i,Wj (jl (j£-ft-ftll (j-ft jj 4 AjAjLujj ALII (3^j ^),h"i S^aLII Clul£ 


.^^jjail I^jIj A 9 j^)*_a Ajj^jjl^ 


(Jja 4A2> jjjIIII a^-ftljll (_£jl jj £>L^j l^a. ^^ic-lij NVK (jj .AjJJJjlill d J- aLJI 

a^A ^ j t jj] .Ia^jc. j 4AjjA*-ft]l ^^LftV^j 4 (Lewis) (Jjjj_^ ^iaLft^l^ 4(jjjj^)j]l ^iaLft^.1 

a^)-ft L I-1 jj (jl lg.^A : i (jjj^JI CjI^jxjoi AjI lIijjI ^4a 46j-ftLJI al^j Ajlc-lijll 

# 37 

(jV 4a^pLw ^jjJI Lftg.lL^ij Ix-ft IjA^j (jl (jj^jj£]VI (JISajIj AiLjaVI (j<ft (J£l (j£-ftj 

.dib jjjSLGU OjLSlft Ajo^j Cjfl jll ^gi ^A Ajj jjjI£JI (_£j| jJI (j-ft -la-lxll 



a^)-ftilSI aSL^. ^ Ja jA Lft-ft a^-ft 10^ _jI^Saj j^gic-l _jLaujVI (J-^la CIijIj (jj 
^1 j jl jl 4*a^}^. J^)l jjuj AjIVI cil^jLoiJ Clul£ lil Lft ^gAc. S^aLSI (J-lx-ft -IaIxj .Aj^jA^JI 
.a^aJI J^)l jjoJI (j-o AjIc.14j (JSI Lft .1^. ^gJI ^gA AjJ^jLoJI ^1 j_)V! (jj Ciaa. .AjJ_jLoi 

aLUII 4_jj£I jlSli 4 Ajj jnKII A_ij jt>»ll Sj-ftUI ^gi I tuLi ^ a AliL-^j NVK (J-ft*HuLi 


dal j CIjI ^)j-ft ji_il jl jl djI^j-ft^j^A ajlc. (_^ ^Ljaj^J ^^jUII jl A_ij ^ jjl^il SjaLU 

(JLftJtlltoiVI Clllj AlLj)t Joll (_£j|^j]| (jj .^gj^jJa (_^-^L (_g^j AiLjaj 4Aj_jJjj jl A_itai£^jjj 4_kj\Ja j 
(Jjjl (_^jLjJ ^Xftl ^gA A^jlall j LiJ ijaJa 6 jq^k a'I Ajj Jjjllll s ^ftUI ^gi lc.jJjai JJ^VI 

. ^ ^JJj)q\ttl\l (Jj^)l (^gj^Lj ^!>Lftl j! ^5^1 
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^jldLo djj Ia 1.3&_j 6 C. V^.a d)l uua a (JIaxJjojI 

dalj£^)A (JIaxILojI (_£ 333 I 3^3 j . 1 dal^ ja 31 (J! ^3aV AliJjjJall £_£ 3l ^21 4jl_dLail 

;(jdjjj£ll J J ^jJjoaljjjVI l&a CjUjJSNIj Adic. iS J Sd3xJA Aj^)ia C. 

. (Jjjljjl£3l daL£ ja j c^jjjailjdl (Jddl lSA^ ^Lij -10 c 9 J 


jl (j^AAll ^ja J ^AaLuj A.4j*4^w ^A S33xja]1 Aj^jJaxJI C1jIj£^)a] 1 a3& ^JaxA 

Ad^da dal ttnti^fc a (JLaxdinl (_£ 333 ; djldxJl a 3A ^Ac< <— j . ^jUa^jaiil AjJjaa 

(Jjdxtulc. -N (^1 Jjjljjl£( -3‘2)-9 l£-° jl ** jaIAI ^AjI-S 

. JjjUjlS( JAjI Ly -iS J cj^-2)-9 J JjjUjlS 

iaia Lp^ia AjaiLuta. (PEPC) ( (JjjljjlS( -N )) Aj2oc.I ^jt 

* > 

£A dal^jAjl Jj^Al ^ja <j£^a3I 3|ja 3I ^)gJa.a ^ .A-l^-juaidll Jj^3 Aju!^\ (J1_^»a L_J jfi 

(JL^a ^3 ^Loj^aIa AAj ^ da^)^£ AjjoiLoi^, AAjIjj jl i ^j^i£31 AAjIjj AjIaLolaj PEPC 

. ^ Aj^jaiidll J^3 4jua)!\ (JI^-a l_j^)3j ^j^jaII £ jdall 

$ z 

^da ^jjjAJOl^A l.A^'^A.^3^ PVK ^JnlAll ^21 J NVK ^JJA^j J a 31 (JA (jl dlJjl 33] 

(Jjjjj ^UAH £A NVK (JA <£jJjauAl <dl JJaJ^I IaI . (JjIaJA J^3 ^lc- (jlijuVn 

ia j,:\Aa ^jjotdj ^Ja 33] j »dj iI^jja ja 31 &3A ^3 AJlc. ^ALIS da^Jal tdlljLojS 

AjljoiIj 4_i^ja3a 21 (jj3 Ajl2o1 (JLaxjjoiIj Adjdall dal »tu>i^ aIIj o^aLAI AAjjx^all aA Vi i> mV \ ^3 
JiAJ\ dal jjaJjJI IaI .AjJjdall (dl xtuti^ a!1 ^jl^iC- ^3 L_a^)l *s*aj j — a-jJall 

.AIBN £A Jda^3 

jl JaU L-JjoiIja jjaKH 6 JA.UI1 ALIS11 dal J;IA JaII ^JA i> JJC. £A cNVK (jj 

Ajj^^il jIjaII &3A ^idada . cdjjJa - < — QjdaA ^ jdaC-^^^daC-V 3a a \ ^ja 

^3 Id^. Uj^xj A3jjla dal^iAjI^j aj^ . daJ jJ^l ^1-*1- Jaui ^^3 S^)aL31j 

.dalALauJl A-^jjj ^131 ^jJjdall jl^Jl Ja Jjd 
4_1 j£ 1! A^jldA dalj^Ajl^j jjx>iVa JIaxILuAjj 

3xjj . jiaj l3a^ ‘J4 c3a^ JA^j^"1) _ 4 j tNVK ^ja <jj£a 


-4)-2 (JLaxIIujIj >^_l3ljd]l c33^)1iuiaH _jjaj\ ^21 l^A (Jja.q a 

JAaVl jjK- 2 (Moiety) Sj-udll ^ jjl^ll (Jc.lid c Jjjlj3l^jl-40 4 1 - l3A^ - 5-( cJA^ 
LED c-jdai] 6_jAx-aAll dal^jJ^ll dllaC.1 .(6 - l) cJ^dll ^3 Adlja^A (Jj^xUll ^jl . ^jdj 

.IdaidiA IdU^d IHIj oJLaII o3A ^ja u^aII 
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t^Lala. a 2I Igjl ^_lc. Aia4JI JlauU ~ j Lajj j \'_ .A Wiill JLalib a j 421 
•Zwittcrion ^ ^121 t _ ? ic. (J^laS a 2 j2l£ a 2I ' g u^-°j ajI ^ 



(jja&jj±A -4)-2 A2jI 4I j^j jjjju :(6-l) jLuJi 
JjJLjLujS j! -4 ‘ 3 ‘ 1 - Jjjj3-5-( J2J2 


AjJaii_Lo ^]jj 4j y\ -> dl^lc-lij i“'' ‘i-v 41 JliijU S^aLlI «.Lljl Ullc. i"' W"' 

0^)431 'ij^LlA ^Jj ^21 NVK AlLa. f_g3 A ' ^ 221 (Jlilil (J,ol_jC (jl jjjjll 

J3la-a j 4 ^ (jJjijYI _jjLl*a! ^^C-Uj J-4 ‘ L ^“'' A £l£ 1 ^ jlj^s - ■ >■"' Aia_22l JlajjU 

S^alJI (jjij . ^ (jliLy! ‘■"'jj . ijjljj^ ji ^Ijj 4j jVI .vu-j^ ji 

jj . Clu__)j£]l .Vu-j^ jl ^j\j Alba. AilJaJ j 4l j jV I .^Ua 1 ^ jl ^jlj Alla. ^3 AxJ^)jai 

• »AA ojjLiaII a 3I (7-1) Jl5ll 

-1- Jj';9 ^Uii-2‘2 ^>41 jA-n. 1I |j lVn.a'1 jjY cAjjia. Ajfl J ja. j jl*4jail jiaJ 

.CjjjVI .llui^jl LS^~* V'" 1 ') s j 42I lajjj V 4 (Jj jl jJjA - 



NVK jjjj jj j4 All j2l4! » >42! :(7-l) J14» 


Aa j ^~aa AjjU^j 4 ■ " i-» k - Ja\~~' 4jj£j Ji]l Cjlj2l (jl VI 2-^-a i J l .ja. A J jA 0.jl4l 


jlil 


(*) 


•((^> 21 ) 
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^ J j jLj jl£]l -Jajjj .(RAFT) AXu i LuJ) JUliL S jaLJI 

l^C-Lllaj-al Aj J .AjoUJ^)]I A_LalLalJ s j2>4« ( J j jbjlS Jma-3- JAil -N) 

JliSjlj IjU-alkl jl — AiLjal iaAJ aIuAuJI (JISajIj 

. 45 (Reversible Addition-Fragmentation Transfer) <_>“ <EaL2l 


1.15 (jAj M w /M i: JSL^ (polydispersity) jJI <2ii4ull ^ jl Jn 
a^all 4(_)L_jAdl AJjaiLJI Jlaiill e^aliil <iLa. . dl j \A ;1^2I ed> ( _ s i 1.29 J 

jjjU Jjjjj-1- Jj jia AIBN ,*-» (E3VC) JjjUjlS Jiiia-3- JiiJ-N 

jijull Ja laid. li jjli a j-aiall £JJJ j .(CTA) Alaniadl (Jlaiil Jalc. -Ciiuaal dljJ 

<a5Lc- JliA 4 till j ^1 4jld] . Jjpjll ,*_a i . ' A n ^ jVi ( _ s Jc- jJj jkll (j j J jj3 4 J jV 1 

. aAjoAjoiII (JUlial Jalc. J\ jj-o ai ad <LaaJ 4 ^Jjjdl j^j J Jii A. A~s 


dl jJluI J j jjjjSil 4dLalijl£jii ^Jl-Ul E3VC JJluI _ jl <LlLl -lldj (jioJ 

“dibijll <£j!idail dljjLLiJail ailA jd!i -(PS) ( U..J.'"'“ 4 ' ) 4 j'a" £"“ <£jida 

Jlti £-« 454 nm Ait (Excimer emission) jjxaAuJI Jdl liixda U ^d 
ajlj^. dLa.jj .Aic. Ujl^p. SjSAm dljj^JjJI aiA .Jjjl (Fluorescence) ijjj J 

• 45 dijjVI J* ->?■ <J <4?- j-i 350 (jjij 

dildal ^ ui.ila jd i _ s 3c- AjjLLaA^Jll A j All 4_iLaC. dV' . 4jHjoj5 ^^11 9 Jidjl 

. 4 ^ Jaxil ^ i-» ■ .■ ^Jc. PVK (j-a Jfllj aUc. ^lua jj 


JlUj Ji. a djjdc. dLjJa NVK JJ-o djU-a ,'^ JC * _j-aI2l 

jaai.1 PVK 4J3U JJC. j)_jill w > j) PVK 4 Jl jjj jIllVI J Jddl 

(jj^. ^ 4 "u'j Jll J jA ^11 JaUll jjc. jlaJ^I a_uajjj .d.1 j (jl ^ 5laLi (j^ill 

.jj^ill jdal aiAij ^^*oLall ^Jajoi Jstill j\a ll^all ^ lajt 1 


lillij 4 (_$ __>ia-a]l ^iaau ^^Jc. Jali (jj^ll V 4 H ,S0 4 — (jLaoSjJ Jl (Jj\-4.^ ^ 

• 2.0 M (j-o J5I dj^All jj siA't jj£l jj 1^j 2 dil£ Jill (Jllj^Jll Jlidill 4_ljldi ^ 
. J jiliilVI (jC- ddUdoiVI ^ic. JaA^dl Jai^.1 jj£l Ji ^ic. JsLi PV^K (j^^i J 

. J jliilVI - LL. JaA^ll Mh^>i ^dl ^ ^ . ^Kq". ^J1 o^)AIUI d J jdal 
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C—flLJal (JLojcLoiIj Ajc. l^AI jij .Ixj ^Jojoj ^Ac. Aj^jaj\^A 1 AjjaiC«yi k. ViA^ajj (^j^aj 

.(Raman) j ^LA 3 - 0 


^c. ^jaA^AI I^J Aj-Ixj-^-g S.iui£l aAac. Ail ^Ac. (JsIj PVK (J^£j ^Jj ^iiAl (.j^aj 
^ ^JaJ La£ l A.fhAiA o^Ia ^jj£A ^JJa iS^* tAjjjJjlSAI cJ -JJ^ 1 

.(8-1) JLS1I 


a^._jj 125 j 30 (Jjj S^jl^AI A_^.^p Jl ^jjaA^AI ajjA^^II a_ajILAI ajxA ^jl 

J jjljjl^ll ClA jjL C* n jm La^jc-j • 47 ^j'j- ' ■ * ^JLmauN JLa-all ^joisj &4j &V 

<1UJI Sajo£VIj Sj-aLlI j (Dimerization) o^J ls-^- 

4j_jjlj ^ilLaj ji-aJ tiVi Ajjjljll 4r-l 'U\l i ' VI . J JLaxAauLj . ^ AjL^all 

_49pYj^ (Crosslinking) ^LojII Auaill t5 i& IaLuc. 1 5JaU 

(JA^-N -AaI £)a j!j^I .2. 1.2.1 

^ja 0j^-A AjjjAII AjjI jaj^^-£31 S^aIAIj s^)jJo:\.a11 Aj^j-AI Aj.iujC.VI Cli^Aa! Ail 

(JjJjJ ^C.1_JJ Cj!jjK^)J £A JAAiaII (JA (Jj£a CllA^A (JjJjAlj NVK 

. ^ <hjkl\ a^._jj cAIAj 10 Scm 1 JjUj Ajlali ;^jjj 
S^)-AAIj ^jII ajSjaII Aj-AI ^a S^aIAI a^,jj <jl 

ij .Iaa^. j a^Iiaj^ J^ l! SjaIAI aAU. ^a I^ja ^Ac-I qj£j lJ (J^aj Ajj^)A1I AjjI 

(Jja j . ^)j£ll ^a o2l^1 J Ajj^ja ^jI.Vqaj Aj^)^)A]I AiUall AAIj£ £a Aj^^j-AI A ^aII Ajlalj _jjarTi 

aj^j-AI A^aII AjlaU (31 *jj y 6 7 mJ cm 2 .lie. ajjja aAj jA AiUa juc. aj^U 

. Cl)l ^)JA^j Ja]I AJjoUJ i ^JJ^ 


J jAI ^a 6 (Core-shell) ^eAlS j ^AaJ A^aj ^ja ajjjA CjLAAa^. ^.u^aj lSj^- 
.^^Aj^jA CjLajaa^J cIiiLaAIj SjaIAIj tlAla aj^j-^j PVK jjaA^j j tlAa ajL^j Jjjjj 

j> 

^ Ajj - c ol . NVK jl aLo j l.]*'' 1 ' PVK ^j-a AaIIaII A^Lajo) jl AAx c_LlijJ a )j 

(JjUaII j AjISUII qa AjIIc. 4^.jJ CjI oAA 
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— CH— CH 2 

0^0 






" ' PVK jj^uJ jji ^Luaj liLiutij <Li \t SauiSSH : (8-1) 


(Jjjbjls (JaLaD ,j j^\ ubk ja .2.2.1 

(Grignard) JjLLjc. (jjl& .1.2. 2.1 

Jj jUjlS-9H- -9 - jj -6- -3 <j^Aj 

* f ** * 

(jl jJl (JjW'ill JJUj . ^ 

. 6j 3 (_5^ £ ^)^)£Lall (J jjLjl^l Clll.1^. j 

S j^Llt .2.2.2. 1 

fjjnl't (Jjj ^- oUaj Aic- ^aLjj V Ajaiij NVK (jt 

*^-Gj !>LoL^. i ^ XHF 

«S / 

£A NVK __yA_jj y^ <ii j^I <£j1i1a a jaL Jj IjjA^. jjlul Aaa 4 AAjIsa]I 4.g.-^.l] 

^!iLol jli nJjlLallj - (jJliii JLaxlkiilj S^>a1JI ojaUa ^ .jy' ] • C^q tlilii^jill 

. ^ till ^yA_jj y 4j) ji NVK S^aL jllii ^ tllljjAiVl oIAxIa (jJ^)J jill 
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J JAj] -9 (Wittig) £iii9 E3VC 

^j^\\\W 1 ^oLlaj (JLojtlLailj Iljjjjl 6,1 a S^aIj .THF aiaaI! 

& 1a ^Jaj . ^jj^jjjjoJI £-a 4_n9lju A^^jjaui ClI ^).uu] 1j.1xj j . Ij jIj 

• 55 uj^' l3jJ (Photoluminescence) lilt d>l j2I 


.3.1 

^1 l^iaj tillj j c4jM .'J^'l lg.^1 (J lc. Cjl JJ-aJ _j2l £>-l£-J ^LojAVI j£jli 

-4V'l ‘■"'' <i ..V^ , "''l I^jLoI .liioil 

4jjLuJj Ajjjldl jl jJaVl .1.3.1 

jj4jl c-ll a yAj 4p.j.l ^_uaAiJ (jl tAJjLuj Clll jjLaJ oj PVK ijjj (jl 

200 j 150 (jjj JL^-all 1 jVu.;^ 5 ULjo IjjJa cJ^uj (jl Ia-ijc. jjlLaj PVK 

Cill jy )1^21 ~ i-, * ^ 4j £aa±s ^211 (j^pll.! 50 ^jl-li-o jp Ja jpV ^j^jou ^lc-1 lilAj 4 jjj!ill.l 

. 4 ^y). ’ 1 4 ’ . 4 . . \ ' i •' ,1 \ 4 ■ ' ; VoM I 4 V\\ ' t l 4jj ^121 

^Lbuill AJSUfl Jl j*Xi .1. 1.3.1 


4,L.o yx Al _9 -o Lgj A 4 ? ■«. Xy 4jl.lp. (JjJjLljl^lt a^yxS, ^Ic- 4^ajll]l djl jxaJ^JI 
4jj jjjl£ Ijjip 4 j 4j jg.j,4i j)j£j (Jjjlijl^ll i^yxS. (jV 4djlia_jiil 4iaUj tUj y'x-> 
J! 4 z\ . >>1 . 4X- ^ ■■ 4 JSI^J (JLoxlxjj jj 4qU J\A) 4 dl]2 yy Jjfj j 4 4 J4"'| , , 4 

. (jjjllc. yJa jl J 4 l£ j (_£jl^p. jl^iLaiU a-lLall oil* (. <U-o ^joJJ 4(jjjjai Lo 

. CjU j jj£ 15U AJalj ^pJ j 4 4_p. j4»]l t_j jiil] 4J3U ill j-o 4 •'■>. , : MI AlaUll .il j-21 JxaIj 

'.Jlx 4 dilj j jj£15U 4 Vq" ^ ill yx cA ' AJaU ^l_jx ^glc. 4JiL»Vl - - -~ 1 ' 

. cj^jl ^4 3 ^>21 j 4 Jpil ^ j ^l£ll 


.(jliiAll ^Lij ‘ jjlj-jVI _pLiv4 ^^c-Uj 

jj^ t:? c -4j-7‘5‘4‘2 j 4 ( jjjjjjia-9- jjjj ( _ s j51j-7‘4‘2 

. j jliLu ^ jjj jjli ^X-8‘4‘2 j 4(jj2jL4S jjli ^Uj-7‘5‘4‘2 

.ApaSjVl -5 ‘5- jJw jj^ tP^\j-7‘3‘l 

. j_>42^ l “ il a “' 2i ^ 


40 



LajSj . ^ L_J J!il] A^j jl J-G ( Jc« AJLgI PVK dllsjjaLG \Ia\ 

jl 11 HA (j-G 

. -iiA-ill (. V 'il ^“i ^cjI jj j cCjLqIj jlc. (Jjjjj JJ j jU jl£ -y- J • 

• ( lP*») ^Jj J 6 ( UiJ 1 ^ J 4 ( U • 

. (Jj J 6 (JjJjoi£jVI CliLlLaui • 


. cJ 1 A jV 1 ClilaiLaui 
. (jxol cJ^jV 1 CllllLau* 


. (jUlLG JjjV I CjIslLuLoj 


^jLoJI iPVK cJLftxlual Aic. j .a_LjI j CjL^JjI j J j! ^-g]I 6 3a (JLgJ*Jjo)I 

o^)j\ Vull (J ^*jau c“ n^k Aij^*_xi aA^joi-g ljg.aJ jj 6L_j j£11 aJsIj SjLg Aj jfLl 

‘* l /#\ ^ 55 

cAli-tfax-O (J£joiJ CIjI 1 (jl . CIjI ^ lAJjal^j AJ^S-0 ^Jc. 1 >n» J ^Jj 

I^JLaxILujI Aic. t Ja*j j! t a w /liH JU&I ^ixjj (. cA w >u\l ^Ia31£ Ja*j J ^J-gj I^jV 

CIjI ^j<gj\^J 1 Jjsl (_£^)A ^i&3 A_iic.j . ^ ^)1 Ailc-j ^Jc< djkao jl j-g 

• (9-1) <j£juiil J A.‘n .ball CjI^^gI] A^jjjouJI 


.2. 1.3.1 


t 1 _a3I ^C- l £jUull t^3l^)C. jJj 3^^£]| ^)Jjj-aLi]| l.k-G (JjuuAjj 

& 

^JAjoU S.JI JjjJa ^jc. ciilj j l JJj > 1 ^JajaJ ( Jc« Akxil^ Ak^Lal AjjIj^}^ (J^jalJ ( Jc« 

£ ^jJail ^j^Ajauiil ^JajaJI I^A ^paJ^jJU ^aJ tA-ailall ^3 Ij^Laa LjjIj^}^ LaJVn.xi 1 *vn /ti 

.JlaB 

AW >m\I 2tiVnj i. A.\a^3^q A^ila 1^-Uj^aJ ^IaLoiaII 

Asu .A_iJjjJall Ajuol^U Ax^^ytu . ill ^JaliAll o^A ^3 LijlsSjl Ak^Loill AjjIj^^]I 
^Jajaill £* Akxil^jl A^£Loi1I AjjLj^£ 1I o^)j|v^n\l 
,Ac.\ ^11 (_^l tljjU^^S AjjjLoaj A_jLixj A-ajuaLo Aj^Lq ajLo (JL^xILjjIj An^y* ^Jj-sail 

A.aaa!uJ hq'K'i (J-qIaJI ^JajoJI cilfc Jj Ax.1 ilnll S- 3 *^' 

.Ay^ys b^)jys-i tiilAj ^^AjuiaII j£Jk3 tA^£Lal AjjIj^)^ 


ojIIa dji^iALui^yi 


(•) 
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LgAAc- c^JjjAall ^Ic- LgjIa llijJJ ) a^^Ja-all o^)j)i>^>\l A‘ n fn tiilj Axj (j^-GJ 

^cjaiill A_xdajl A_!L^. Lg! . (JLcixJjaiV I SaIc-V SAjl-g A.'4}3-a ^jj£j 

SaIc-V JjIS ^J^jJa ^)Jjjdi]l ^Jajoi ^ic. AA-gI£]I ^l^JaJ (_£^^j3 

.* J> _ -* c 

.tiilj AxJ ^^Jaj ^aJ tAA^jj (Jj-g ^Jajai jl t (JLoJtlLaaV I 

(Jj-aj-oll AA±ia ^3 aA-gaJjoia]I aIj-gII (3* /\J ^c-dll A-xJaj! A_1L^. ^3 

t a \ t. aAUJI ^Aj aL^s aAUJI ^j-g ^j^joA! (JjAjjII ^Ac. S_jaIa j)»^AI 

. ^)J jj-alil! ^AajaA (_£^)jA]I (JLaatHuiV 1 ^ jn\ c^ilAj 
tAiLk^UI fc *m\1 A_J121g £.Aj Jj 3 tAik-a j-q^UI IglilL^. ^Aj 6 A jjlSI ^3 SaL<AI (Jjoi 3 (jj 

S^)AlIail aAA ^-g . d . (Jj-aj-Gll ^ H Aill aALIa ^)-a3ljJ ^A! ^_£A^j 

.^jjjoJI (JjAjoII ^ic- 6 jA 3 dli LiJjjJa A-L^a j-g Al j-g jliiklj l.g. n>"i ^j£-gJj 

dj^j^Jlj ; ^jjjoal i (J-gjolJ A-xJajVl aAA (Jj-g ^3 (JLojtJjoLyU AjjoiIAaII aIj-gII 

(JI^-g ^3 ^LgjA^ (_$ Aa 3 c ^jjjai! 1 ^A] Aildal . ( a J?.)\A. Ut1 ^ J 

^)g.Aad .PVK ^4] A_ijaI^ ^)j£l LA^jd AAx-aj-G AjjjJaC. aI^-g ^Ac* <3^1 ^)C- 

(j^jLwaawj <aAj ^A a AjI Vnul ^TNF (JIaxIuiL Ig xujxuVa AAc. c JjjLj l£ (Jjnq'l dl^ixu! 

.(Dark decay) * J^U-ojJaY (jA aid-G JAx-g Jj AiLjaj Alii aAIji] 

.^jJa^jAi A..djui L-jUaAijail ^Ac- k_a3jjj A-<ux]l (J^l^-AjJal ^jli tciilA ^-q j 
^j-G o^)ju£ C1jLia£ ^AjJ ^jl Al . A jjHI ^jAajtJJ A?Wx> ^aJaC-VI (jj 

. jjJall A ^1 A^iyll ^jill^Ull 3 Jjjjoi^_a]I L_Li£_jjll AjJjoj ^j-al ^ij ( ^jauai^^gH 

«Q J J .oj/lli ^jtun^s a\\ AJa^)LGil AALjaV^ (_^AjJ ^jl (j^-^ 6 ^\Iia9 

jjl ^-jA Jj tL_ii£jjll aJIc. AjjaaLoL^, ^ in*n ^jl — A-A aiklG ^ CjLojLl^-aII 

. Liixuj AijjJa 6 _jj 3 fi^LjaVi k_a3jj Aju Lg ^)Aa^)*Ii]l AAc- a]j-g 1I ^Jjjjall 

^j-GjJa Clil W *m\I (JISlIjI dl.V 4 x^Q ^dliLjaV^ ^LiAj 


' ^ LS^" UJJ^V 1 C UJJ^V^ ^ : )-^J ^Aa jjj d 

(Jdjfl- 9 ) 6 ( ^ jj l AjjIjjAII (Jjnq'l dl^ixJjj ^ tilli ^^Ac- aILgI Ad 

- (Jd3 ^AIjj -6‘3 (j-G A^jjjouJI dljXGjljJI j ^ i( 


^LoAxI! ^3 ALjia Sjj3 I^AIAj Ai^Lm 4 W I rt AjI A ©jjj-a J^>dA*Aal jA ^Uuxll (J^la-ajJal 


C) 
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a£jjjouiSI CjI j . JjjLjl£ d±&-9- -6 6 3 j c J jjljjl£ 

. 10 Jxj JUa Jjlia-N J NVK 

^JjU (J-oIai ^jLq AJAAd 6^)ljj AiUa (JUiijl 

(> (j jll J-oU. J] ‘JjjLfj^'j c> UJ^- 0 (Chromophore) 

aJjj-^Lq Qjlll Clul£ Sj\3 4iiUa] (J-ol£ (JlSljl 

- 61 jA'V'I 

cilia J CktijJ&kU 4_^jLall C_kjLIa^]l C* <lc-^jJaj-Gll Jaj^)jai]l ^jl 

(j^jWl L_L^J tilli ^Jl 5iLjaJ .4 W /till (JISajI (Jc-lij SV^/aj CjIj jj^I^U aA^IaSI 

djjA^. (Jj^jojj c. Og. a j l_i£Lqj11j 4.a.lxAxAl dA \\ AVaxAl ^j^n> j 

(JISjjI (Jc-liu (j-o A-Qy!>UI aXi^Ia j C1 jI_jIAa] (JUl9 

.AKnlll 



JjjLjl£ c^-IdhHtW ^-'MlfOjJ-Q-JjjUj^)-^] -9 



^4 W<utU 4JSU1I jj 4 ^j1ul4 lj! jj-4 jjj- 4 : (9-1) j£-uAI 
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Aljj-uall .2.3.1 


J j 2 (PHDP) ( jjLIjjjj-SO- ^lii-4‘3- ) g4jy ^ 

Aj^jILq (jdd J iAi^lLAll AjjdaxJl dal jjAaII ^9 Laid (J^k n ^^3 . ( (Jj^jb_jld (Jdd-N) 
c_ddj ^jjj^pj (3-3^ Adajp^ll Adllx3 (jl VJ tPVK jaxuIjJ jiipi ^ AiH3 

. 62 PVK 2JUi S'jJI 


AjjUjjill J AjjLjjaH (_ya\ J-vll ^ 4.31,80 CllljjlUU 4 J> <kjglVI L_1A*JJ 

4jjLloj£1I 4j nil CliiLiJlxj £-a till jJjiLlI ailA Jjal jlj -PVK jxaJ jJ <jj Jjjal! 

- .'" 1 -~V jA ‘""'11 4jjl.SijVI ^ i" ' Wj La jJa. . jxajij^ 

* J> 

( _ s Jc- J.ll La-a jaJI (j j jit (J^aliijl Jaa^Ll . JiiLajLU (JAS JJC. jJ-aJ jjil Ia .Vic. 

. jJ-aJ jJI tJlaL 


aLjL^Li^j 4 1 

** • * * 


(dici) j»vii .1.4.1 


AoL^ j .1.1. 4.1 

• dal^bd S^C. AjJjjJal! A-d-sajdl (Jjl Vi (jdaj 

.AjuaVI 4__)-aL-di-cl . 1 

Uad^p l£-i9 cJ^,j ba S^Ija Ad^ (J jpj x i . djljjJJjudVl *2 

6<_£^p.l daLddj .A_j_pjaiA S L5^j c^* - ^ AdJaLdl (j^J ^AdJaLdb 

■ 4K b 4j-o ^^3 - 3 ^ (j J)*U 11 xl ^V ^ 

dab ijjjdDU A_^JLi!I ^SIjaII o^oLolaj dab jmnd^fl (J.wa.a’ij .Ad^pdo dab^d ^jjd .3 

.Ad^pdo dal W d Jl aJ ^ pdo ajLbl ^3 o^)3 jjaII aJ aJj^IaII dljj 

9 

.dald^-dll ^ a Vi ajlc-j .4 

(jd-oJ dil^l .A_pjuddll AjljoiVI (Jlp-o g- j)i>^n\l (J j^b^)ldll S^p^} 4_j-dld 

^jdl j • (JI^aH I ^9 Ja£3 Id A.Ix^a^p ^ip-aLa (jl I (jA djl 

(Jlpdl ^Jj Ajj^dall A-iix-ajdl A-^.I^V AjjLq dal »in^ a Aildaj 


44 



^Illl J . jj£I i ** \\ W >rt\l tdaU jlijoi^VI (JjSj Axj 

j-a dUI Jd-o ^Lolc. dal w >rt ^Jj diU jjjjudVI lT>^ 1$-j9 

£_A dlUjjdl Ad Lix-iAJ jl 4 dAjjJj£l] dj^lffib&j 5 -jLoiVLj dlsJI Id (jjjaldj (jdftJ . dltddll 
Lo jl Adjjdl (jAiJa dLBU .Aj/K JjaL^Lai jl (JjIju£ diljjjjflll ddldlo (Jldd 

(Jjdj jdaj . ^ <■** )\ W will Jl^adl 4 -Aac. jjjj (jl Add^dll (J jidlj cdAjj jdl (jjj 
(j_J_j3^ij-J L-JflLilJ £ j-Q (jda.} . (j cd.1^. ^ MM (j^^JabQ L_ld (j_j£j j)l£j djt W /till (JUlijl 
d^>dL iAij^)Ja]l .£§ jdl dli ^9 ^^.1 Ij£j jjfLi 6^)jd Idj 4jjd-G £9 j-g (j-° 

.A W /till V 1 M j-o l : V w ^ j xj.>> J L-JAill 

.» 

idli (j-o Jdl j .AdjjJall A_ilx-a jdl aeli£ (_£-lo dll W /Ml £-odj SjlcJ ddlc-lij jjjju 

* % f 

Ulx9 J-od V did L 5 ^J Adj dll j £fll j-o jddj j jl dllddll jdaJ 

djliLuu d^jjaill ^9 _^^ll Id Aj^jILq (jdoj . dl9 ^11 (__)djtJ d jl jdaj jj 

.AdjjJall A_iL-ajd! ^)dl.4d‘il jc- (JjjjabG ^Aj .*djj)^s II Idl ^)C. jjLq j^)£ll ^9 jl jdVI 

TNF-PVK cASb* .2. 1.4.1 

(Jj-G 4L_ba)ld 4 * nd ^9 jjjjLal! jjjl^-I ^dLldl (JC- Idllj TNF“PVK dx-Q j^£d 

65 TH p 

(Jddl jA THF (jl J d9 4 Aj^ llfcrtll dll JjUl (j-Q A_illd AjjalC.1 ^Idl ds.3g..lj 
ftjUx-all AjjI^^VI .AudLaa Ajdc-VI (jjuJflJ dc. Sd^. 0jld (jjjdjjjl^ll ^ laxJ .diliidJI 

.<fuilio jjjILoj TNF »- <U>»j ^ cTHF PVK -j-o 

Ujj^s A^jIula^I cjl .3. 1.4.1 


<141 ^3 1 0 <-l3 jy /i o j ^ 

^gk AIBN JLaalaiU ^>^11 jAaJL e^ydjll <1^1^ NVK j (Jlia-N 

j '_y is* A ‘ i' ‘ " .' ^4' L ■ '..' 1 ‘' J' L$^*r} L>° ^ 

jl4l (jl .lilj-a o^c. <jLo*JI okjh .(jLuiS^JU <jjjjjj Sjilc.jj iTFIF/jjjiJ' 

. ^ ^ (jjllj 100,000 <4_>o (_ 5 ^ ^3j liljllall 1^1 jaJI (j j^ll 
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6 A& i Lifi! S .liLa tLiJjjJa AL-ss^ 0 AjjaiC-l 

^gA 4 CjLjJuJI . ^_LLl 1 I j l_jjAaH L^.lA^a Jlc A dlLijijJ (JLqaJjoiIj A^jLiuIaI! 

liU/3 (j-G g-LaliJI A^LgjoIJ ^'sMI 4.1.2k/ ^JJ^l Jj]l JaJ^l^j THF 

. g.^Uall A^. 


ASjIulaI) CjI jjlaA^A] A. 1.4.1 


aI^IALg A^Jjoj ^gAc. A-uiIjJ^ - 0 LiJjJ-ia A ^\A (Jj)l*\xa &.A-C <. — All 

. ^ TNF t A W.uill A-teli A u>iU. PVK . Ajjx>»C.V ^Ajj*>»C. 


^laLj AjL^ij NVK Sj-oL (j^-oj . CjU j jiifcU AfiVull j uijSjI] AisUJI AafclSft 
CjI^LG^J-g]! 6^A ^gic. AJLcIS . ClAi J AJ jAIg Cljl jXGjjj-G £-G A^jljabO S^gL L_JjAill 
Jjjjj- Cjjj- 4)-2 j Jj jljjLai^jl -4*3*1- (b5 jujSj1lo-( Jjii3 J ; m9-4)]-4-5- ciH^-2 

. 5 J jjljjLai^jl -4 6 3 6 1 - cif^[ C5 jo£j^( ciAf2-4)]-4-5-( 


CIjI^LgJjJ ^glc. J A£^)OjuLa11 6^}-gLJI Ja-GJ ^gic. 0 ^a12I 

<£.\us-i tA^J^liuLftSI Cj1jJ-gJj 2I £Jjij (j^-GJ 4ilSiS . Ajjl KS\-\\ <£jJjaLQ 

^ AilLai A^JJjouJI Cljl ^J-gJjJI (jj£j . A-^.L^JI L-UAl2k AJj-a^<JI 

.6-li^. AjjaiC.1 

(JjjB Cl: iIj£^)-gj PVK 0j1^)-gj Aj^ULg 

l‘* n f\\ AjVj *A-*i^^)-Q A^^pjauJI djl^ixul ^21 gA^J ^U-jll (JISjjVI SjIj^ djUjj 

g^lc-l jl gJ^G i**l.Wj V cA^^jJjol-g o^yAl (Jc-Ulij (J j_jl_pLa£jVI ClllA^.j 

^gi A_ilc. ^gA Lg-g (JSI Lg A^. ^gA A^^jjjouJI CIjI ^jj-gJ A ilj^)^]l ^)-al • .J 

AjLouJI 6^-^.VI ^3 6 Al^. A^^jjjauJI CIjI PVK aJU. 

PVK A_i2iC-l ^gi LiJ^jJa M* ) ^gJI . CjLuU^AAii 

ji C^DyC“82 ) AjjalC-V^ Ajljalj LqA^C- 

A-iL-aj-o DyC-82 — j l-jULg PVK (j-o g-Uac. ^Jal ^iSj . C-60 j C-84 
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DyC-82 (jl ^joisj .C-84 j l-iLuLg ^Luic. Ia^-LI Jill (j-o (Jjjasl Ad^-ia 

A_iL-aj-«ill ^Jaj C-60 J AjLAaII AjjaiC-Vl (ji Vj .C-84 (j-o dAjjjjST>U (JjJaSl (JjiLLG 

. 67 J^VI ^Lhj^l 


NVK o j-aL dija> eli .Lu^Ja <U3l jft jljlll 4£.lalall ^'oVi 

c 1 (Jilo 1 ljJg.A^k A-mfljljl A^Jjolg o^oL 

^ J jl ; c4 j^jLq J ll c cili L^)£11 iia]I ^y- j! 

A_}jLq JaLaijI ^3 aIAH A^ Jjol-q AjjJaa^II AAllaJ ( Jaxj . ^ ^ \j * 

Aj 3!^)C. jlJ A£.L2a JlL-a £- A y'' ^3^ UJ^ (J’ A^J^uJI dl jjill &.J .AjjIs 

. Li^jjJa AL-aj-o 


f j-uail a j-L-oa!) AjjjaaJ jjJI 2.4.1 

.1^.1 . ^jJJ^)jaj-Q c-LxiaC- ^£jjJaxJI JjJ-llI 

/s|e\ ^ ^ ^ * l £ . * f , . 

AjjLLj ^-‘.LQ.'.L1 J L-i2kJ t(ITO)jj'^^^' J "\j A ^ _jl L-lA^ll (Jj-G C 

(j-o ^jj5-j.n°i Lot cj! w *rt\i l_j jij (j^. 

jl i ^aj)j iaIV I ^A c^iLl AjjaiLLall jL*_a]I . dAj j 1 (jk^ (JjW^ AjJaidLc AijlJa 

. ^ ^J^A*_a]I j\ 

£-a^jj du^. <_£ jaaJ Jl g-Luixil Jj L_ij£i]l (.“ \\ W *rt j dljjjj^lVI (j-o c£ (Jdd 
jlii (JjjjSII ^jj£-g ^ jj jA ^jjliuiSyi .Ajj!)Ij jl Aj-I^Ij CjVI^J tdAj 

jjlbuaSVI c> JliijVI (EL) Electroluminescence ^\^\ cLj^j j .l-^jj 

.^IxjoiVI Jd-aL Aj^olill aJUJI Jj 
^alaill i ^3 U^J .Aj^^I j aJI^. ojliLall “ULaJI (jjSj t^^lall ^3 

l 'jA J ■ >> 3 ' aJajll O^A J»»'| .Utx> J CjVL^. (jc- ^Ailj (jUjll Cli 

a^j's-.' t .u-,« 

Photoluminescence c5^j S^liSj Aiiljlall CiUj'jkJI ^ jyi*JI ^lejj 

.4a* 1I ^ 5 (jc- jlhll s?.US JSl Jjli-alLij ,<lall ^ 50 ^^Ic. iyjj (PL) 


<ilaio ■- ' ’ l l ^ i ’ .I jjjiCii ? yi. <sUaii jl^ia Jiil ^_Jh (Work Function) kill. ' - 

b^yl\±A 
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^■AaCiJ Ia3jC. .Ajj!>1j CllU ^jjSj jA dill L-jliuil 3^.1 (jl .Wijm 

. jl aJL^. ^3 IaI Sjja.VI o 1 a (j j£j » CjUjaluiSI (j j£2l i_j jSill j diljjjj£iy i 

> * 

333J j . g.jjCaJI j3 (jl (j^AJ 4 j3^Ij <UL^. ^3 (jj^J ( 5 ^ dill JaSfi AIsIjIa]! CllljjjaJI LS^J 
%25 iSa dll'iAj 6 q)um\ 1 c’llyil I^Jaj . <«.uLq jjc. ciiUil 42£>tiil CjUj^um^VI 

cl jaJI Sg.li£ <_£.buj <jl V dlJU .Alsl jIaJI dillajaJI Aj3^.Ij aJL^. dili jIujjSVI (j* 

,%25 jIcIa aIsIjSaJI ajjjaj]jj3I 

djl j Aa-£3a£ i A-jjjJaC- dlllaJJ jj A 4 lx a t .lijlli2}U! J jl jCu (JIaxJjoiI 3c. 1 jll (jA Ajli dill] 
C1 jVI^- 1I (Jliii (jl (j^AJ i^Jalil o3A ^3 . |_ijIj aIIIIa Ajj<CaC. jIja ^3 g. jjJa.ll 

(jA jj£Ij .IjjIjj^ U11j dlJjj SjIja .\nlVijUl aJjLoil f CjIjjJjuiaII ^J] Ajj^l!i3lj AjJ^. 1 jll 

.AIsIjIaJI CliUjjaJI (jdLxj A3 j 33 jljx-a] i.aLiial SjjUll A^ljd!! 3jl jjoJI cilljiAJ tdllj 

jA Excimer jJaJjoi^V 1 . (JSk^UI (j-ajll ^3 aIaxJjoiaII L_flJ jlxlill (jiaxj (jia jxll 
CIiIjj j^. j)A (Jj£a jllLo .Vqxa jA Exciplex (J n^lu * 1 ^(JjULAiljj .SjUIa AlaJjaiJ AIj^^. 

.^j jula (jlll ^vWj (jl (j^AJ (jAlm^Vl (Jkj Jlc. .fijllo aJL^. Ixa (jj£j A.sVi'va 
V tAJjjia C1 iL^.ja (Jl j]al_J jl.L-aj (jl (j^AJ dj^l-^-SI (J ^*»* } ^3 

(Ja A_allj Clll jl -L-aV I a3A (jl (jiajjij . ^JjjJall (jlllll L_fll_ilal ^3 l^Ja^iLo (j^AJ 

£_ jill oAA aAIT jl .c_jjj jjIL Electroplexes ell jsxaj^j Electromers cjIjja 
^IajJ^jI SjIoI j i (Phosphorescence) ^ jji^ ja (jSlj <j 3T ^ jlAx-aVI j>A j^VI 

JAA^£ (jl . (jjjj jl.2k.JA (jjjjj^^-j A11xJA.11 CjUjJ^VIj CJ j£il5 JJalLi-0 ^^Ixjoll 

. (J.ALjja£J J ^JAJjo^j (_^^)1JX.J ^A LaLaJ (jl^JjLaUA J 

J jjl_j^)l£ AjjI jjuIxJI a^^LolaII djl ^ja2^_lS! (^ij PBD PVK ^jI^^ 

l^jj jl 1 4. 3 1*1 a S_llxi]l AIIxa (JjJIjjLa£ jl j 

CjI^iaJ jJI (_^lj tdil >M^ln>M^Vl jfrJgj c^jI^aII ^i3 .L-JjjjjIIj A.ahfkA 
^]t]| l Qj,Ja ^0;} CjI^xaII j)A (jjc.^j]l (jl ,A_llx3 CjI >V4xaj^£ 11 (jjSj A^^jJjolaII 

^j£| ^Ij^jj^l (jj^Jj *(_gl^l PVK ^jaaJ^jj Aj^jIIa ^a^.VI jaj ^jU__^SJI 

. djl.V^xA^^ll aJL^. Jaj^lA 
AjjjJaxJI Clil.3jj.li] <j^.jUJI Ajaja5?>.11 6g.ll£il ^3 A^ji^A CIiIc^xa (jll cillili 

jjjoijjS (J3j AlUail JUjjI apll^ (jj^ (j-° ttiiil 1 /tin .^1 u^nllj AjLoiAilj g.jjJall o j3x^>a!1 
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SjLall M (jM L °J^~* *■ . J' L S^i ( 31*2 Jl 4,u>ibaJl (ForStei) 

. ^ i ^-.''s,\ t. qjj-? 4. u^L^Il 

jj 2 Jjij AiUail JUlil . 1.2.4. 1 

no 

S^lj^U £joLG ^)JC. (Jlijjl ^A ^)Jjal_Jj3 (3^J AAJAI (JUij! (jj 

i aJAxAI Jj3 j A aJj£U ajj^J^. J) D a^jLq 
(1-1) D* +A — >D +A* 

jA jlajjj3 Jja J AiUall (JlSijl ^jj . l— Ja3 ^jUj — L_Ja3 ^Uj <jjUj L>° Loijj 

_j\ JiA^aU IS^V ^ Aiello Ajj^)^. ^Jj A^jLq Ajj^)^. AiUall (JUjjI Jj c. Vlg.’i A_a^-q aAI 

. S-jjjAl A_i9 (jl A_^jLAI Ajj^^A (-£^1 cAli (jC- jjIjSj g. jjJAI 

J-L-A l—flAa (Jl? \AI ^j-aL-sad-ol L V J-a L_l^l_jJJ <jl A^Uall ^1x3 (JlSdjI J^l^A ^g..Al ^j-o j 

*: * J> 

^ic. I_jjoi^q j»>ill J^llA! ^3 ^a^.V! A h^^La jm)j .^jLAI 

^)JC. ^ jxAa Jj3 J AiOall cJUiijl ^)„nxj (jUA^I (j^n* J ^3 .AiUall ^1x3 (JUlijl djj.1^. 

.L_JjC.^)-G 

a^A (DextCr) ^aC- Ail j . Aa j^axhAI dlVUijVI JaSfl Aj^Jaj jJlstJ 

. ^ A£.^1aa1I CjVUjjVI aJajuJ^j dAA! (JajoA Aj^jlVill 

^3 aJjSlIAI Ajj^^JI j A^Ull Ajj^^JI ]ij AiUall (JlSijl (Jix-<a CIijU c. \x*sa j 

* aAIAI aJAx-AU aJUAI cJU^jl aAI 


(2-1) 


r 7T 5 n 4 N a T d R 6 

. L_JaAI ( ^jIjj— L-lJa.aH ^jIjj cJc.UA Aja. jAI cJ-qI_x-q jA K • ^ 
.aLSIAI Ajj^^JI (Jj*^ A^jUll aA^)^A c^^^Ull J^IIAI Qj 

.Jajoi^ll ^jLai£jl *Uj^)3 Yl 
.jjj l£j^l N a 

.aJUjAI ajj^J^JI l_jLixj a^jLAI aA^)^A c_^^j^iAI ^llAI ^>ac. z d 
. aJjSaAI j a^jLAI ^jjjjj^^JI AiLaiAl R 

. ^iAAl l_i^I jAl ^joiUAI cJ-ol^AI J 
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( K 4-i^.jjll (JaIxa L-boiLiLo AiUall (JUujI (J-Ixa (jl aJjIx_a1I 

. R (jdJ AiLoUlll <LujjLalll £-$ 1 k tl^C. j 

Laj AiUall (JUujI (J-Ixa (_ yik \.\) 1.6 AjjoUJ AiLauill SjLa^) *^ c ' <A_2 c.j 

ikljj t<UjLai3! <SUJI .6^.1 j ^ 4 jj^)-g 

CjUjj^JI ^jjSj cA iU^II aJL^JI Lol .ajULall aJL^JI ^ac. c.ljjt A.^.j,rkjjll CjIjI£-qVI ^..ja^ 
^aUijj ^gjj lAAj . jl AY^aI ^ja (Jdiall £a I^jI^a ^9 A^iiIa 

SjLa^ Aic- ^rafl^lj ^jiui_j^9 Jj9 j AiUall (JISjjI J.1xa (jl9 A_2c.j .AiLUl JISIjI J.1jla] 


72 1 


4* 


j^_jJ (JaIxa J AiLuiAl! 


jjj SiLauJl (JIaj 6 (Functionalized polymers) CjIjjaJjJI 

A_njL^II A_LoiLaill (J jJa ^ja t tA_mll ^ja ^jIa]I 

AYa dlUj^aJI (jjj S^LouJI ( ^ c ' 5^Uall (Jl3jjl J-1 xa -Iaaxj lAAlc.j . ^ a4Ll1aB AiJa 

.(2-1) aJjIxaU Ixjj cilljj c^gjlliall (JaI£j ^gic« 

(jaj .2.2.4. 1 

(j A At . ^Ix^a A,I1 g._JjJg.\\ JIjaII L_lljjujl AjoIA^. C^lLiA (jl M \* a \\ j)A 

l ^ S^I^-oaH AjjjJaxJI ^-saLixll j i Aj^jJraC- CIiIj^^ja 

.& jUIaII A_lLaJI ^ (_£ JjJaxJI L-I^JaI] ^gjLiAj£]l . 1 

i _j>.s\\9 11 0 jl_i9 pIjjI c . \ n>n jJaxil l_i£^>a]I .2 

6A_ljl_l*Jl L-JjJxll ajjaOA A-IjlxJI &jIa 1I ^Li^jl -3 
C(_£^jLoja]I ( ^9 jl Aj^jJaxil <a-ila]l ^9 A j*n \W ^ .4 

L_i£^)Ai] *y"W (^ Aj^)1 i^jC- .5 

^9 . g. _jjJal\ ^jjJaxl! ^jkst'y* 11 ftjLl9 ^gJj j$\ L-jIjjojV^ 

^jl ^ajjixJ! j ^gic- JjVn ^)j^a.ix.]lj 

<1 a l_i£^)a 1I 6^)1^)^. Clul^ I ij l_jl g ten’ll i**i.Wj 

iS^jM (^£jjJaxl\ ^9 JjjLi jl A. ; )la.aa S- 3 ^- 3 (j] 

ojIaII ^9 ^CjIjIjjuj^ ^ J^J 4:^^ £->^\ j-<JI oiA ^ c4) 


.(^jIaII) 


Jl J-0 




(*) 
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^3 g. ^jJall \* 11 ^ic. ial 3^11 ^ j\ ^1^. g-l^J^^ I** iWj £j\ . 2UJU1I 

.AjoixaLailj AjuI^SI ^j.jjla.alll ^Ic. g^ljj Ai^iil A^,^)A 

£-g (Jc-Llillj ia.ig.xiil Ajoi^Ij ^Jj AjJtJj t^Lolilc. Jal^j g.^jaij ^ij £jl^Il L_Ujail 
^3 a1ax!Luaa 11 AjjjJaxll lUiLi^^aII ^J<g^ (jC. _^3 (Jjj-gL^JI L_lJjail LgI .Aj^la^)]! 

^jl jjiiil (jl Xhuoto (j-o .S^j^ULo V 3 j-g g.^jJaii S^Ax-a-all AjjjJaail ^j-alAail 

tS^l. jIgII ajl^ail ^lc.j (Jj^Jall <_£.1 <iJI ^ic. jjjujj tAJj^ia Cliljjal Ak^ C' iKj 

. lg..)lc- AJaSl^xil 6 jjLlLg V A_ijj Clil A o jQUiixi Al^-a A^. jj V aI£j Aj|j 

Alic-lj ^C. £31j-g Ig-Ujoi^ 6^)1 ^ail ^) 1 . 1 JU 4g.jjJai! fi^)Aj-a-ail Aj^jJaxil CIiIAjjaJI ^3 

.AjjjJaxil SaLgII g.l^)jAl AjIxiC. ^3 IjjojLujI 1 3gjoiI^. ^-gI-C- c g- _jjJall 

AjjjJaail a J>£^.V1 g-lAl ^3 1_J^)1^)^. PVK A^ilx-G ^)JJ^ 

A^._jAj (jia^)*iit 3*3 U -0 6 ALj3 £-g g.1 j!i&Vl (Jajl-g ^3® ^xAa^}^ AaIISxJI 

g- ^jJa.1.1 ^jAi-a-ail A ^jaII Aj^jJaxil &aLg11 3 ° Aj ^£-g] 1 A_a.ia.ll dul£ UaI j . ^ a_jl^)^il 

fclAa. Uijj-o a£LuoJ 1 &a^,Ij ( ^ 5 ic. (j'.^^l l3J* < 10-100 nm A 33 

a3g£ a! jJJ j C£j^>xJI jAxuloil ^3 jjxgI ^^Llg 6*^C. JaIxj jLj Aili£ Cli^j jl^ail SaLS 

.aj^ail 3 ° A-<ikjAa 

Aili^ail (jl jjVI dll A L-IjAaU AisUll dL£j-all 3 ° AjjoiC. 1 3j^ Lg LJlc. 

t AjJaAaAxil Aili^^^ 3 ^ ^ AaIIHaII Clilj£^j-Gil ^j-g jl 4 A-AaAaAxil 

3 cilli *^*Aj ‘6 ^j^1.u^q V A_i^.l^3 ^il-^ 6^p»-jVl ^JjJajJ A3J^)Ja 
A±aJj ^jl jl jiajail A^^)3 ^ala^'i! ^ij ^jl ^jl^jiail oA^i .lA^)g»k^a I^jj^Ij 

g3.ig>l" ^^Isu 1 6<-dlA ^j-G j^lj .S3^'>M1 A nlLj jLaajj .J3^-*^^ 

Aic. AjjJa^)il jl i^i^ju^jVl (_^jli^-<il 3^11 (j-o ^jljil <> aVill j t^Alajll djl^ixli 

.agVI JUxl^VI 

jl Aj^Ia^)il ^jc- ^.1-^1 £ 3;jg->^H ^Ij^^ (j-° l-*^- 0 t A jI a*\W AAiia ^. ; )jJa jJ 
c A_ij A *-g AjjojI^I j 6 3*^-*-° 6 AjUail A.a.iJai Aj-al^Il jl j-g]1 * UJ^ 1 

• 76 ( 2-“' jj ‘ ( ^jj^) cAy ^ jj ‘ ( oAAj] ) Aj? sAA t<— ibajsi jj 
t^iliia] 4 M . O^i I S <iL^aj ( CjVti3jj) A J^ ul^ ‘lA^ 1 A) ^■‘'A J 

4.g.-s A] ‘^-° A-ij *— ■' i >' J * (JlftT.li.iiV I J^A J^ J* 

. 7 (jA^oiSjiU ^ j ' ^ii 


51 



ASJ^ia ^IjjI tdjLall A.x.\\h) ^.lauj AjLa^. A^Ja 

^jjJajdll AiL^ia jl cLo^jidllj S^aI ill AiL^JajI 6 (Sputtering) AiL^Ja j\ 4g.ji^ll 

. ^ ^ Unll A^J^Ia jl ta^a^jjU ^IiaAII 

f-j-ual \ Sj.Waall lj! Jjjjdl A^llua J^jljla .3.2.4. 1 

. AiLi3_j AjjuiC.1 ^...11 jura'll (JLaxJjujVI Aj^jojIj Ajua ‘,1 ( ^-gIj.i]I ^11^11 (jl .^aI^^I ^iiail 
(J jjl^j-lllj (J^j£ 5 l l*^} 3^^° LS^ S^IaII £CJ jl L t lA^a 1 Jj^l o j^vsll 

^iajjojj S^q'uu^ll A_ll_aJI .£ jUJI S^Loll _ j /tiVn^ t^j-a^all ^Jajoi ^gic- (_£JjaC- _jj^»a 

A jLa j^AJ cAi^)ll ^JLj g. Luly.ll (jVj . g- Luiy.ll A_AaC. ^gAc. £^La 1 I ^3 A^. jjlll (_£jS 

. CjI (J£jo) ^glc- (_>^3^l A^L^. (jl 6 jLaII j)A ^iajLall (jfLaJ^ . (J^l *^l (jl 3II 

^lkll *1 jaA 1 1 >>jl jj^AJ . 3^ nj (jl ^a^VI I^J (j.^A .13 1 * ij.Sa (_g j 3 akl S^LaII Clul£ lijj 
^gi Ax-jIIa ^xoL^aJ cilljA j . g-jLaJI Cli^kJ jl A.J Ic. ajl^a. CliLajJ ^gi ^g-ojl^ll 

. 79 ’ 78 Jl«^l 

(JajjjJ .Aj ^L° (J-ajC- L - J l-^ , 3 ^ ju^il S.1 ^lLa ciUjA .Aj^IaII (jAa jfcll LjIa^J 

: ^ La ^ j^ac. ^Lic. Aifkl AjAililll patterning <aja. jll ^LL^la 
1 ^aii di^j ^us (V. 1 * ^j-^i ^Lsj^ia • 
.Screen-printing method a 2 i 12 JI A^Uia <iLjia • 
•Stamping method <iLjia • 

. ^gic. U^nli 3I uiYll Aih^Aa • 

. ^ ^ 1 *' \ q‘^ 1 A j-j < L>\ i A ia \ ^ • 

.(_£ J^SjaII jl (3^^! 3^a-ll • 

A^J^ia (JLojtJjailj (jjUl g. ljJa.i.i Lijljj^£ AilLLo AjjjJaC- CIjI ^iL-saJ ^ 3 ^. ^3 

. ^ ^ ^-N. \ 1 L " *S ' jj_ T-t < 

CljUaaL^. A.l^..i (JjuaII Cjjlj^lliAj NVK (jA A^jIajia CjIjaaJjj (JLaxjjojI J 

. ^ g. S^.^^ aII CIjI J 3 ^.^l ^3 Ajj^Sja 

6 g. jjJail g.1 j aJjaI c q.^ ^ . Ajjj^a LSI ^jj^j 6333^^1 

jj^jVI .\u,<; jl ^ jjjia (JIax'uxiIj l_j j£ 5 I (jia- l ^-}3 ^3^ ^gllll Clal jjg ViH ^jl (jjUj 
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ax- CjI >M I <jA 6^.la£ jj£I ^a ^a (ITO/PANI) ((j-ilni^^jjV j-j. ^^al l j 


. J-»*^ ^jj.^x^aall j ^jjAjVI -lixx^^l j}A 

^lAil ^21 (JIaxJxxAj Ja-uijl ^,u^'i jl £ jjJail jAx-aA ^^IaiI^j A,j\a» 1 j^AJ 


AxLlla jjAj A_ix-a ^ aII AiHall ^ j ^aj ^lUjj j^AJ lAAixj . L-Jjijji] AAaba. A_a2a£ L-jLxaaII PANI 
. ^ 4 j^k xxianH (jjS Ajlxjj^U (_^aJ^)*2l AJaxd Alljj t ^J^x^aall j ^jAjVI .\UjA^V AjJ^j-a 


AlLjjiail t^ljxxJjjdl 4.2.4. 1 


Aial jl2l CjI jjaJ jJI jA Ua^a Ux-a Poly(fluorene)s Aljjjjlall CjI jJI jj£j 

jl ^Ax-a Aaa cii]A £aj .(jjjVI £jjJail Altxa oj.Ixa^ ^A j .A-lalMI L ax-a'i 

AiUall (Jllijl djUSl ^jjj . ^ ( jj\j n^— 1 jIj ) (JdLuil ^^ic- JjjjVI * J J ^ a ^ jAx-aA 

. AAixAaixxiA aI^a£ aIIaxAjoiI Aic- (_£^}^.l jl^llj £ _>*Aa jl-lx-al 


A^Uall 


pvAua jlAx-al Aa^^. jA^ll jj^ja £-<* jg-lal Adij^jlAll CIiI^iaJ ^21 


.JjM >*j *2.2-2.4eV JM' 


C-IjjI IaI Clllkjl ( ^l2l j!ii£ (j -0 AaAlj AflUall (jAaiAAAll _j\,'\t.^j\ jl ALuA 

^Jij-9‘9 ) ^-Ic- l_jjL^ 2I ClliiJ .<A^aJI c.IjjI a2jj-xA2I SAmi^VIj jl fcL_i£^>A]l ^Lilax-al 

djlA^ujj (jl l_i£^)a£ j^Hj^la aAaII ^a 1 £a t ( j^H^j^la- jixlA- jjj^^la (Jn£ jl 

o-A (J^xWi jla cl 21^ jA ^)!i£l j . Aj^jI ^)^JI 6-lxx^Vdj AjjjjJall oAja^VIj j^£jj j^jj^j^iill 
I^jLoia 1 gMx,aj (^Aallujj ^l2l AjJaia-lAll ^j^j^AII AaUa CIjI j (J^LlaI! J jJ jaVn l_j jJ*JI 

. $. s^Ax^aII cIjIj^j^II ^ aILj^ 

J5 JS t 

\_L3j_kJa l^llj JjJIjjLa£jI -4‘3‘1 j jjjjjlill a£ JiAJ\ dal ^^Jaj 

ti3^)JjaiA ^jjaJ^j £y* J PVK (j-Q AJ^£a (. A.a.ila.11 Adc-lxiaA 6 jjg.tkJ Clj^Jalj .8^fi^,|_a£]| 


-4 6 3‘l)- 0 (j*u — j- 4‘1) j Jjj JkZ-l‘2-o — Jjjis J — aaj ^ — jUj-' 9‘9 t_jjl — H a 

LHIjj^£ ISlb cjjj ^Uj-2v5-( Jjja£a JjjJ -2) 4 ^jUj- 5 6 2-( J jb I 

CjI j^aJ jJI ^UajS j^SII (Jj AMI jjjj . 430 nm -He- ^-<2a*JI aHaja lalHa (j_j J 

djlj Aialj -^l^-a b’^x^aj I^JIaxILaI (j^-<^ AjI A_ 1 al 2 fc.il A_HUalj^ll (JjjLHa (JIajcLaIj 
.^.^jJall 6^)Ax-aAll CjIj jj^SI ^^a g-^x2all S^jAx-aA dl^A IgMax^a.ji c^ll’Aj 
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3*1 Jjll (JjLaa ^jjSj J cAial jlo JJC. ^jUa.VI A_lllc. ^gi ^gA CjI jjaJ jJI Ja£>Lk 

.AjjjaJ^ (j-o 4 j£^a1I p jjJall Sj^aaaII Aj^jaJ C lilj jj-lll (Jla. ^3 3^ _J- 

. CjI J)-}^- 2k.^Il 1.1)9 a (j^fLl 3' (j^AJ £aj 

JajV^ (JA diat u«o 6 jjgA‘l ^ja £ jx>>" ^l*^ 4 - 53 ] iS 

* > 

^Uii-7‘2- (jjjjis J dioiiA cS jL£- '9‘9) Jjpj ‘PVK ^ja L_a Ija 

.(CPDHFPV) ( uAjI^ uA^-p-stat- uM£ j^-m- uAA 
j .;'.i\i^ -4‘ 1 -( Jj'-Xa AA^j _ 2)-5- ( _ s -^j4i-o-2) ^Ajj ( _ s jJ> (_s < jljL2i o2Lo 

J 4 jlialjl. CPDHFPV j PVK oO^A jJI o] . 86 (MEH-PPV) ( jAiA 
A uAA J-M A) ^ ■ Is . A MEH-PPV j CPDHFPV jJI Jal A 'J 

.<A^ (jAA A^ A D" 0 J ‘-^Aj (jl 

^P(OF-SBF) tjJjjllujjn » m — A_ijl iIaII \a \\ ^11 ^3 

AliC-lj^) A-Iajl^) ^j. ,u.\j^aJA_j c^jjj^AljtJA ^jl j^)j u*ill ^JaLo ^3 

^3*^1 J^AJtll 71 JaA.ill ^jA £_1A)J A^joiL^. A_lu ^gJj tiilj . (j^A^ 6^^ 

* 

(JLaXJjoiI • Aj 31 j3-n Ai\l Aj_j1 I J A_)3 A 2 ^ A_) A^ ^)Vl x nV I ^Ja (j£ j . ^jajI^jII 

djl^JjAA ^ja L_uljjai djllaSI l^Iislia AaIIxAj AAijJaJjudA A. ‘i Abba. I^A 

^ 3AA^ £ jjJail oj^aaq aJLx 3 A.9 J-a iAHaj Aj^^a 4(j^3A^ 

aJjLaIaII (Luminophores) CjUIIHaII 3 ® (J^’n 4 j j jj j 4 ^1 ^gAc- 

. IAaLxja l.x.jJa jJ j Sp^ A. ^^.a ^ c ' 

JlaSjV! 6 3^)^ JsJJ^Ia (J^JAJ AjjalLaJl ^JJ^) jlLlJ j J J 1 x *) 'I Aij-aj ^3^p 

V . .V 1 jj Jn’l J . A 4_2». j j 280 — 246 Jl > -4^ ^-3 

• ^ (_ 3jjVl J' a. * (jjJ j\.'^j 1 j' J..'.'" L-'1a“n*^' (jjj^aLaJI j.J-i'1 (jlljll j 

Jij jj- Cjjj-4 _y>j (jlijU (jjjjiall sAa.jj (OXD) JjjLpLai£jV! ja j Jaij jj 

A-^2 4<jjLi1a]I ^isl\ oa^A 9 a- 3 ^-2^ cJj A j 4 * X jl -4 6 ? fc 1 - 4^ ^ 

: T u (^.La.j JlUjl C^.jAj jj-a2j2' AAj -(PF-OXD) <2^ (Cardo) 

^ ^ ia^CVd! L4 . ^ ^ 4iuiCj 5 A -0 ^ 213 

. jj-oj] A '4a 1 A224a ‘(AjA) A J^..“’^j/ A’' r ~ 
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5.3 V ft^J.^3 JIjljoi! IjtJaLui (J3^)3' Ip ^-ia 6^),\x*taA (JLaatHuiV I ^)gJaJ 
5 -IjI (J.m Vi ^U».j) (j^y -10.8 V sj^i cj-ac. (jj^j 1 2270 cdm “ a jjS ^-jiauij 
^j*Nl (jSaJI J! ( ji ^JLj- 9‘9) jail <aal jaII liliL <jjlLo ?■“'" 
Jl a! uLJI OXD -ILoLu Ja a! Ikl! Jl&jl S^liS Jlj cPF-OXD ^ oA^VI 

. ^ -LlAoLolVl ( jj J' ^4) 4i*UlLai 


NVK/PBD 5 2 4 1 


jj .Sjjjc- djWiilaj PVK £-» diU jJ &£> U ^laU US^ja PBD ^ja^j Aa_j 

acli£ (PPV) ( ^iiili9 2 j AF 7 ~p) ^_c .1 ^aj 4I ^lj PBD 1 ^jaIaaH -Lu^ll 

(Jiill (_^<alja. jj.-iVl Jjj c CjU J (J^ jail (jia. lilli £^.jj . JjlUJI 

• 90 j-Aj 4] ^jjSiyi 

-( -8)- PBD djl_ajia]l a JAxIlxill (^axUuLi 

^Iqjj jAj 4(jjjl Ic-lix-a < iL-aj (jJjjl j^- Jjlia-3- JjjLijjjij-l £-* (Alq 3 ) ^jjiidl 
.91 <2l*i j CiUjjj£JV 1 (j^- ( A I q, ) .445 nm Aic. jlo^aj 


ufljUa^jll A t 4 -v t> ljIjjaAjjII . 6 . 2 . 4. 1 


( (Jjjj^^jLlxu- 1 - (JjjjJ-2)- (^>^“5 6 2 (j - * 4 pl^Udl c!jl ^-loj . JjLlujJI 


-2- Ja^"2)- o^aj-5 4 2 j (a-TPT) j — ^3-^ cs — ^ji^-4-( <^-^3 J — JAil- 2)-l- 

£-a 4 t (P“TPT) (j — L5 ua£jliA-4-( (Jjjjj - 2)- 1 -( (J — 

4_IL^JI ^3 tillj J c 4 q \"i ^ 4-j^j^j ^ajl */t\ PVKj (P1V1JVIA) ( jj 

L^.1 j>io (jj^j a-TPT — 1 c _ 5 -*2iioVI jjM! j] . ^ 4^_jLii* 1-6^ uj^ cr^l 

4^fil cilL (_j-o P"TPT I ftAjai . P-TPT J 4llj^)lL<j Aic. 3^)3^ I 


. a-TPT _s 


(4 Jj^ 3 l — ^-J^l (_^3 ^.V!) (Ji — ^-Ij^l J — A-<u] jJI ^_3 — ILj . (J J 4 <il j-JljSfl J— 

cjl^j j^ux^I c> >i*kl Ip ^ jju-l j±*\((Ja& JA^-4)-9 c> (Homopolymer) 
Jjiia-9 J^3 ^Ic. AjjWx^i j ftjjlilL aIIIHaII JjmaSI (_^^>^> . (j^l jiijV I 

AUlllxi AjjjJaC. Clll 3 jg >'1 ^3 ft^Ax^a-o dlli 3 a 1 3 >^jl n^sl iA\\.S'\A 
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4-j^U .^^.1 j\\ AilllLftll AiJaSI dill i ft jjg Vi II .lijljj^£ 

• ^ J jjt> j±aAj! JjjI ^jlAx-saj Al’i'OLa (j£-aj 

JAjj -2)-5-( OjJ -9- Jj jUjl£)-2] J 1J# ^ui^LuJl ^ JjjLjlilt j^J 

Ju,<A (JAjj -2 J (JjjIjjISII L aA (JJliJJlLo [ g)b\ft U.) ' J -4 * 1 - ( (Jjjoi^A 

aJjIg Sj-aj ^a [ ujblft u.)b\.^-4d-( (JjI - 9- Lijj2jl£)-2] 

* * 

^)L-^al Is-jjJa L_ljj^j2lj (jjjjLall (jjjlA 4-C- cllll.ijj.21 jAx-aJ . (J j^lj^l£]l b 

. ^ 1 'luiVi in*) Vi .ia ag.li£JI ^jl .i^j ;PPV j <jjLLJLjj .^ix-al 1$. jjJa j I^Ja^-a 

(j-a A^^jJjaui (JLoJtlLaalj g- ^jJall ft^j.lwa.^ Cljlj ^j£-aJj 

JAi^-l-^^^jjj ^-u^J Jjj^11i^- 7-J^-3 j JjjjI ( Jjj-9- JjjL?jl^)-2 

. 95 j^i£ [b-4‘3] jJ j jl jjj-HI- 


CjI S&xa1\ .7.2.4. 1 


C5^ dj!>lj^)£tlLQ ft^,j (jC. I ,'Ax.a g-Lij (j£-aJ I CjIjS*-a 

.Viaua (J^.jix'.i cALIaaIIj .(10-1) (J^ **21 ^a u^ -0 ^-^2 ^2 4 * 4_L2 joi]I 

tNVK £-0 oj-alj (jl sjj-Ij (j^°J (_jill t (Jj 'jail dllj^jj (^1 

. 96 jSI jjlt Cjl ^ JU*la^ Lu iill 

> 

5JSU]| 4jjA^ajJI LllljJ_jaJI ( ^glc. (_£ jiaj tPS (jJJjtL-a J ijjll Ajjuic.1 iaJ 

l$j£l J j^jjjJI Llll^Sa _0 (^1 AiiUali Vlaiil tTPD (j-o CLiLiaSj PBD CjUjjjfLEU 

. 9 ^ ^jJjLujJI djl.}S*^i ^gjj <Jjuu 1U 4jljl j&\ (_J.lij V 



. 9,8 fjjjjjjjll :(10-1) 
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Mx .(III) ^jLluj ^jlLuijh Mx a) PVK AjLuj] (j£-aj Cj|j 

4 _ajH 1 ! (jjj CjUMI 4-Afuj 1 496 nm j 476 nm (j-o «^c« l3jJ 

•" ^ Q Q _ _ 

£a ^ jJ.3jjVI .via >q . Ia.1^j dillij 1^11 ^3 <Ajlii]l ii!L j (.A 3-aj j (J.}xa]I ^j±i 

J^iis ( (JjajjjIj- 2 )- 4 -( Jjjjj- c 1 jjj- 4 ) ^lij-N 4 N <ja cijUajjj 

. 99 PBD j PVK (j* JaJ^. 533 nm *iic. Ijjjijojjs lillj 

jIjj Ai\j£ i“ 1 Vi (j (J£i dl\j jJ jAll AIaII ^^3 1 0 .VIai Ali^.^)Lk Aja^a£ a21jl 3 J^qV) 

jlxuioill ^iiA 32 IajI.iL> 


u IjSj (jja> yj i 100 jijjAijt ( Jjlia- 2 ) e>yjj J* 


U^l 


A-lllc. Clll jjg Vi f.\jj j£xJ • jA^iU IjAa-^a Ic-Llx^a jl ( j 2 jii£ jjj] JjilS-l) (JjjJjJ 

CLAjLaI (JIaxHjoiIj dilj j iU jLll ^IsU AllL-aJ PVK Jl jA $. jjJa i] ojIl^oo 

-( (JjIjs (Jjj jj - cii jj] — 4)] o^f-3‘1 l_i£ja (JLa*HujI l £ Li] j • ^3402 £ 

. djlj j jj£l^U ^laU A'\ki.si\ (jj\)\.^-[ jl- 4 ‘ 3‘1 


('2-C‘N- jjUjJjjjj-( jjjla ^Uj- 6‘4))- (j^ij <*j^=Vl t»l 

jjUjJIjjaj -( JjilJj j±s-'2)-2)- i_y^J ‘JjjjVl ej;Jai\ jlA^aV lilljj (III)Ir( jliJ j% ) 

- 102 j^Vl jlA^aV (III)Ir( CiU jIsJ J^J^-ON- 


( 2 jJ - ' £ \.'.' l-aft CIl^Ie-Uj i"' (jl jLoj t 4 ,‘u>iLaJ J Ajt, u^il 0.1c. .Vic- 

jAi^xJI j S ^(Ir(ppy) 3 ) (III)Ir( Jjjja-2) j-J-a-OU jA^a-all 

QAjJa \juc (jl J t (III)Ir( till: jiljJ (Jjmoli )( r 3 -C‘N- (JjUJ 

4jjLla]l (Jliljl i ^ ] ' ■ ‘-' ^)A^Vl jl-l^aY ASC-tjaa osli£ <■ ^ \ u ^PVK (j-o -- q u^a~U/.x 

. 104 L^jUl .11 


t: il aila]' o^2x2-o (_^3 Ic-Ll^a 4'U, -I ( Il*(ppy) 3 JI-axJaJ Aic- ^1-iVl j ■ ’j 

A iLaE- 21 ■ ^aII o2a (jU c ^11 j ^21 <iLjal .stall ^3 2^' ^ '’2 1 AAjU tl oa JLa^txalj^ 

. ^ djI^jj^jAau ^3 s S j3a^all dll3^j2l 

( (Jj1i 3 ( _ s jtu- / 4‘4- (JjJjjjj ts jLj£j-'2‘2) uj • ^ Ju'V'" 1 J jl' Cil jSxa 

-10‘1) (JJJJJJ (II) jajjllJjj( JAla JjAijJJ t ^jljj- , 2l2) (jxJJJj (II) 

AjLli . ' ollA ^-o3 j V '’ t t^j ^2 Axilla AxJa^al (II) ( j}2 ^ jLl^j3 


^Loj o_^j LI j j (Jjaj ^)-oj iiilli 


(•) 
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Xic , j Aiiix-aj PBD j ^i£U <ciL-aj PVK <j-a 4 u>iL^. 

^ j) u^ix> g. ^_)Ax-a-a (3^ g-^da PVK 4 u^iba. ( ^3 ^4 u^*>\\ u4-1aI1 

.ITO/(dye PVK PBD)/Mg/Ag : dALUl ,> 

^Ic-I djL^.j-0 (Jljial J^JaLLo ^3 djIdix-G A.x.\j^*^ Jjlljll dj 


d i,Wj ^jail j\\ ^-UjjI L-UjoiJj .(Stokes (Jjj^jJjoi 1 (JjJaldxa 

^ ^ tWj I.^A_j ^)-aL*-allxiV 1 ^-vdiLlI (_g^)x..wal L_l£!^jJ 


.^pL-all g- _jdal\ ^ 1 n«o\i ^-aLx-saJ-ol S^jAUa 

(Jj-q 4 Aj)j'n djldix-G £^dall S^pj-a-oll djl J)jg y')\\ dj^)^. dll 

<\h^) ((11-1) J^doll jiijl) (II) ^ jddj j (jJjjljlia-lO 6 !- ^Lij-7‘4- l>^j^ 

Jia V jl .djlilia ^J-Q 6 jjg V41 dnn .PVK (JxjLoiI ^Ic. 4ddal^. LdLai 

.» * 

(j-a 4.3 J-a ^.daj ^aJ .ITO (^5^ ^ ^-U-U ..vLx.x 1 L_J jjauill PVK ^ ^-<qI 

.* 

aalL d.ixda j ,t_j j2lll ^-ad^j jJjjijlia-10‘1 - cJA^ ^L^-7 6 4- cJA^ ^Ljj-9 4 2 

dll . ^ j)\a\ S ^\ j L1 F ^aj)j : 'l.)lll ^j-q <ic-Lda-o <i±la C ** ^ar x>» j l^idl J 6 Al^ (j-Q fidxid-Q 

dildj LS^J o^-jg.rdvll ^ jUiti VljtS 1 n*iVi LdLai A'\kj^>) ^jijn* A9x.-a (_£djl 

<Lta Sjj^j <- qt^ij iS^- 453 tjfu. La < _ S JJ ^iljJalj . ‘■“'' jjg >"'.' 4jjlia 

. 4.j>aVl ~ ■L < i*.'a ^Ic. ‘Laujuijj-a 4t-_a2^Ll] 



4 Ru(dphphen) 3 (IlJ^jiiujj <jJjjjjUa-10‘l- JAa ^Uii-7‘4- o*jjj :(11-1) 


4 ( ^iijjijUa-10‘l- JAs (jjUj-7‘4- JA« ^jJUj-9‘2 j 
Alq 3 f jAJ -( -8)- o*jjj_s 
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JS # % c * 

g. Aillj-a dl J)jg..>'.'i d^£j dl . )j4A<jjVt 
^3 a^-aL JLasdoL ^)-a^.^U (JIjlS ^jl.^.wal ^dd dlj . ^ajJ-ajai jV I dld*-a aIaxJjoix* 

£-a ^ jXojoj jVI dl lix.A J L_ 1 jdll <SaU Ad2a£ JdidJ jii-al ^Uj (jl£-all 

aIiL A'\kj^>\ (BPD) Jjjlj^Lai£jl -4 4 3 6 1- d±uk±r- -5- Jjjjj-dj3-2 j PVK 

aJU. ^jC- ^.Lj ^)ld-aVI (jV Inn^II Ajl-uIs jn»“)i ^)ld-aV! ^-a3 dilJjj <j£-aJ . ^)ld-al 

. A-Ia.u_j — (jd*-a A-I^joi (JISlAjI l&J^)-a Ajj^Ij a^lli-a 

(JdiS (j-a a^)Lai£ ^ dldoi-a .1^.1 (JLajdail ^)j£l (JIjlS 

<j-a 0jj-aj A j /it > (Jj^2>Lui AliA aJ^Ij^ OXD ^>-aj J t^Jjdll 

110,109 PVK ^ B PD 

^kx^a\ (_£^)^Luj^3 J^IIj dli dll J),}g Vi ^Ac. cJ (j^-aJ . (j ^-^41 dld*-a 

-[3-N # 2-C-JjjI^I^jM04-lW J^-5‘2]J& PVK UJL >d 

■ Vi» x> t, Ldal ^aJ c AddL^. A3^d-a-a£ PBD J PVK (_j -G 0J^-a (JLaxllujI ^ 4 ^ (II) U^-^A 

j .aAaSI 2 ajLjoiI 4a^j-a JjJ4^jI- 4‘34 a^ui£ cs^ c£ jW^II AilaJl ^Uj u^-^-2^ 

. dl j jg >M I PBD J PVK (J-a jld-a] (J\ JaaiLl 

4ldJlx-a ^}dl Aj l^» <a dl .Vix-a (3-1) (Jj-l^JI ^3 ^)-adlj dl A 

.^JaLall I AA ^3 £juijJJ 

l^JLoxldl (_£ J^.J • _jl d-aV I A JJ^ij -il ^-a ^A ^jjjLdll dl i^o (jj . {JJi\ Ik 41 dl Alt A 

(JISjjI & J^g-dill J-aC- jJalu .PBD j PVK £-a £ j)*>>ll a^d-a-all dl J)..)g.dl\l 

. ^ ^ ^pjai£ J j ^jJjuj^j^3 ^j-a (J£ ^ j AiUall 


AjaHUll Aid^VI .8.2.4. 1 

^j-a Aj L>44^l g- fijd-oa LjLj^ Aillila dl (Jjj-a^JI (j^-aj 

^3 ^Jld^ill g. jda.ll 'ijluax t^da^VI g- jjJa.11 a^d-a-a A‘x.y^j lijxuj .Jajlfk 

. g- ^da]] a^)d-a-a PVK A_l2aC- 1 

g.^^3?3l (j-^-da ( ^jjJj^)2l (Jldj^l ^Ic- odua AJtJj-al ^-Ladj (Jdaba (j^-aJj 

• 121 ESIPT ^ IjLa^l Jliijl 4ild (ESIPT) 
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aJJaU! ? jJall a CJlJjjjii .9.2.4. 1 


-2) Jj4j PVK • ^_3j jbU (jjjiU qa <c. ju/i^ll i<i±Lall ajjUj cIjI j jjJI 

A 

$. jjJallj » jj>>»\) jAx-saJ q \ Ig Vn<qJ t(C120-PPP) ( U.)b\.^~ ' 

• C120-PPP 4_i±La]l ^-ilx-saJ ^9 (J^ixILoiaII R^a\1 Lxjj lillij 

a 

c-jjJall a J)jg Vl\l ^)Ax^aJ iPVK 1 <» t n/U jAj 4 (JLaxILujI Alxi 

c* uSa jA j (jjjljall (JaxIiujI 1^1 .C120 _ PPP <ja ^ 3-i 11 Vi 

^Jajoill .lie. <_ja a jjg *y\W Cl^Ax-al 4l*-A (jj^lAdljji] 

Lxjj SeliSLJI ^)jx,‘n . 122 C120-PPP (j -0 UJ^V 1 ^^ A-a ] ^] ^-3^a] t n41 

^gic. a^j3*l UdA 6.1 juJ ^Jj-£ 3J 4 AjJaii-lA]! a^)l^)^JI .Vi»°I .6 

.^j ^ i u ^yi ji^j 


101 

114,113,102 

115,100 

99 

113 

116 

98 

113,102 

116 

117,116 

112 

118 

119 

120 


Lfrjjuaj ilitifaati : ( 3- 1 ) JjiaJI 


ujii' 


A9xa.11 




tijJ 

JjJ' 





ja^.V 1 cli^j 

(IR) 


(III)Ir( Jiba-l) (j-yjj 

(III)Ir( daUjliuil (JjjjxuI )( 3-C‘N- jjUjaj jjj -( J jjijjjjj- 2)-2)- 

(HI)Ir( tjjAi joj Jjiia -2) (j-ij jj 
cJ/nml 2 jod (Jjjj3( (Jj4j jJJ -2)-4-( J^? 3 tJ^JJ- ‘21 3 JJ -4) ^Uj-N^N 

(III)Ir jjlJ 

(III)Ir( Jjai joj Jjjja -2) u-y jj 
[( cJj] -*2- (jj^j jjj )-' 4- (JoijaJ-2- (J^^a ^Uj-9‘9}- <_ >«jjj 

(ni)Ir{ jjjjia 

(III)Ir jjljjai jjLuljS 

( 7 2-C‘N- jjlipj jjj -( cte? 3 jjjls ^li-6‘4))- o*£ 
(ffl)Ir( jSUd jS* j) 

(III)Ir[ Jjjj j jla ( r 2- jjj )-2- ^Uj- 9‘9]- oyjj 

[Ir( jjjjia ^Uj- 9‘9)- 2- j^j - 5 4 2] - (j*yjj 

jdjkjSI .Vtax 
jjjLaall jjjlouijitja 

Re(CO) 3 Cl ( jjjjjjjjj-'2‘2- 0A^ v 3US)-'44 
^jjjj] ( jal jjjjllia-10‘l)( jjlijjjjuil (Jjluil ) jjjjjj 
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(jl j\\ dlj dlajJall dddo dl £ j)»^ill ^jld-aj ^lc< cJjj-^^ 11 (j^-oJ 
^ljj-44 t lcl PVKj tlXO (j-o Aj_^-g dU.Jall adxd 6 jj^dS . A^lldo 
Jdi (^c.Ijj-12‘1 1 ‘6*5 — j c_j jjIaII -( dVjjJji^)-8/(jj^jj-3‘l- Jd4^ 

. A_iJlc. ^jJajaill ^Jlc- (J^jJ Is-^da ^jd-d 4(jjjuAllij 

c$j*\ 523 jl .10.2.4.1 

AJilldllj <^3141 6 JlC-l ^11 jl j-all ^J^jl^nll cs^* ^jaixujj-all A-ijdaxll 3l j4l ^.dn.a 

dfcAj"^ ~3^ ^d2l dlduLo (j-o Kz. ^ IjJaj-al <_£ 41 j . (j_j^jV 1 ^3 IdLl^)^ 

lA^)-o_j (Jjdd A^JjjJall Ig.A^aUj^a^ cdiljJ (j£-aJ . £jdail S^d^a^ll dlj ^J-lll ^3 (JLojdai^U 

. 126 nm 460-440 JM' g 4 uAA£ [3.4-b] jlj jl j#- JAi*-4 jd; . 125 a^UJI 

(j-G L^jil! (Jl ^ ^11 AjjoiLLq (d_jJjJa Adj-sal (jjuLiui^llliaj j l_1jI ^juiII ujl'i 

jl 4 Alq 3 J 4_J jdll IjJ-a^Jd AliuaJ dl*Jl£ PVK cJ^dx.>iJ il . ^ye^i\ did 
Ait u «o^U ^saL-adVl <dl_ilal (jl .4 — fl.jjJia.Ujm II ^Li*-a£ ^ A1(C[S) 3 ) -do! (j^iLoill (j! Ido 
4 Jill j ,j . Addadi-oll A it u ^jld-aVI diLila! (j C. Ua li^yldJ t — fll'a^d l q j u >» 11 

(JISajI ^3 Aullc- 4^31x9 Addjjauill dc-Llx-all L_ul jjoiII £3j^a 1I J ^41 (j-aL-adV 1 (j-o 

j' (Quinacridone) (jjdj£li£ll l_u! jJL? l^jUL (jld a^. jj ^1 aS Ikll 
(jd (jjjjjj (S -u .. u ^4’i (^Ijj-12‘1 1*6*5 ja (jjjjjjll 

- 128 Alq 3 j PVK 


jLutSjVI 4 oj j^ia Ajjdadl .3.4.1 

Jja Photorefractivity <UU. <_sj=. jSS 

Li Nb 0 3 diljjAi ^ 1966 ^Ic- /yLUll j (Ashkin) 

(Refrachion Index) UjL^I jl kuja jli2 jUA^'VI 4_j4I 

Luliill t fliV4 J 1 ' ' ■'^'~' Vf ' ' A-i]^j3 J ^"l . .' ; j . y- 1 * ,'.';^U l ^ i. ^jc. 

i o i i nn { 

(j^j ^3 dj^iJall Aj^jLud^U djaid' V I _^11 'djl^jj da^. dlj .dil^^ 

* Lq (Jdoll tdljladll (j-Q 4_LaiLaiJ ^)La4iVI (3^\) 

4(_^^)^ll ^-Lxjolj ^JJjld A\"\ XU 11 . 1 

iAJLoill J Au^. ^<JI dl W xnll (JLx-asjl (j-o g^lill 4 A W /till (Jldjl .2 
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t^dll iJull L J 'l iTi'l Ai.lj jl^i^.1 J .3 

(Space charge ij j~>.^ jia. jit. LS lkb Ji*. e-ySii .4 

t dllii-ioill jS j-aJ 4 ■>. ;"■ ~. ; (Held) 
-U.Vi.dl JJC. (JflaJl (jc. jl llA. .VI 4_ilj3 jjxjj .5 


^3 ^!ill Jll j-dl ^3 Ja33 } J ■ - ^ '' Cfi A ) 

4_iic.li £-a 4.)h.^ y± jl i diliabii] ' .\)~> jl idlliajil] IVl-^ l.llljj tla-a (jl 

. */N ^ X ^ U J i ^ 

^ )a* a\\ (Jaa ca^C-l ^11 Clll qjjJaMl (_ja >, iV i A_iJ^jJa jIjaII 

djli LJ^aIIj cAj^j-aJI A^JLxaj 6 AI^j^)^a]I La 3I ^)C. j cA^Ua^II ^Jlc. 

.Jl£^Vi 6 Aj^jl j!1a 1I Aj^-k^aill A_AiLlaiA]l j <,(_£ ^y^aA\ L-j\ xu*\\l j t Aiisl ^)Ha]I 

jI^a J.J (. j)\ k 'iV 1 A_AJ^jJa Aj^jJaC- 6 _j^L ^Jj S^)a (JjV ^AjaI c 1 990 ^Lc- ^-3 

LjI^aj j)\ aIaj j_kJa AjjjJaail jl jaII ^IaaIaIa # 133 Aj^jajI^j 

tA-Jlc. Aj^j-aj A_iIa^.V (JLo tA-Ax-aVI AjJjjJall AjjjJaC-!>UI C1 jI^)^1j11j Aj^jILg 

aJ^joij cAjjaaj Ajj^jaj Aa^.j 4fi.lAA^j A.4 Kjj <. o ‘'—I jIjj J 

aIaC-^^Ij jaC JjL Jlo Aa^.a LaLJoS ci3Ll& j . Ig-bo Clil J)Jg-2kIill £-iix-aJ 

Ig’^A^d A_AjjJaxJI ^JA &2 a (jVl _j^)jlA jl J^LalVI J 6 Aj^Jx^ 

.aa-i^IaII dj^l j CjU j1*a 1I Cjblij ^3 aIi^IhLq ^Ija 
• 132 Jalaill ^ ic. g. <j_jLai^jl d AaIxj 

c c** il W >rt\l IiljJ S J . 1 
cAjj jjJall 4 jJU Ljajl l_4jju ^Ull a“llW xu'l (Jlijjl .2 

JaLullll .3 

^-O A_iJjjJall 4_iL-ajAll (Jx^n^ i La L2lc. 

.^jja! (Jjliall 

Jaaj (Ja ^l.u^afs aJaU. C1jIj£^)a AiLjalj Lg-ilc. A LaI 

.A W xLll IjjalLlA \^A jJ (JaI^. ^ ^jl ^-LxjoiVI (_ < )-alj-allAl A.I^lA..) jjl 
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Aft^yUI a^2*JI CA W x'xlll UaV jl -lijjill (jxnxi^ a AsLxJal (j£-ftJ tiilj (j-ft V Aj 

.A^Jall ^jtxo&VI 


(_£jjJ (jl cCIiIj^IaIIj AxJj-aVI (j-G LljojIj VL^-ft (J-ftJOLi ^Jl tjlj-ftll j)-ft -ll-lxl] (j£-ftJ 
Jaau ^Ull Aib^JI C1 jIj£^<JI ^j-ftj jLu&Vl Ail jjJa Ai^jj ^in-a (j£-ftj . c** i\ »u^ a jjJ 
^>)ax a i j • ASJjJalui-ft Aj^IxuI^j A.ijJab^. (j-ftjJa AjjJlnxftll a .3 J'bftll (j-al ^All (j-ft 6 .1^,1 J (J£ 

(JL-a^jl (Jjc.IL> ^ \ ui,\\ 6(j^JI £-o a Jjjox-o j)Jj V ALjall a.3£j a^jJa^-ftll CIjIjj^^jjII 

jjjll dll 3 dllj£^)-ft]l (jC- AkJal.xIlx.nV 1 (_£^}Aj j . ^)J)l/lH j 

.Ajj-oj] Jl Ig.nn J ajdlj-ft AlUxill dilj£j-ft]l (JaAj dll jjJ jj j 


cillj ^Aa) -iis 1 'i ; . .' V' PVK LlJ^Ja ^Jad^a]! JJA ll JIaxAajI (jl^ 

. (Jjj\jjl£]i jmj LaLaj ^ja tlia jJ! ^gk 1 1 - '1 1 a , ^Jaj JaIc. o-sljjj 

Jjjja jjij- 1 j\j)-4- JAja ^lu-5‘2 _jA (jjli ^LoLa. jj' ^ L±x-a (JLft.xIlx.nl (_£ j 

a$.li£ ajj£_jj 11 dj^^Jal .34] .Lauoi^-ft AiL-Aj TNP (J-gjujoiIj t(DMNPAA) ( jJ 
6^jj-ftll j lATnxill J Jal J 1 lAj^S AjjjJ fidjj -lie. Lu Jj Alftll J 100 (JJ cJaJ ^\ jxA 
j) -ft J£l • 1 L L > ) <jl£ AjI Ai x xV 1 (j-G^) (jl V] . (j j JLiaII ^3 JalJ 90 jl.Au> (j^-ft£j 

. JIj Jli-ft 100 


25 (jLft cAillc. jj£ljjj jl j-ftll AjLujJ (_5^)^j a-li^. a jjx^ni ALjda AjjI xnVil J^yiAil 
(Jl x^qll j jJjII Ada^)C. ajLftll (Jx *sj (JjI^aIIj ILa j »(j^^l (J-ftl^^. (j-ft t J£l jl AIaII ^3 

. L-jUailixoiV I ^Jl-C* (J_^^ (Jl iS^ 


Clal^LftJ ^-I^)j3l (JL-a^jl (jC- Aft^.l_ill AjjI JIxjjI !>UI aSIJ! C-L.^Jj 

aLj j-ft]l 1^3 CjI jaJ jj (_^l cl_il£ <■ Vil h J AlftU. Ajjl x xi^ 'V 1 ALj 

AjJ^jk^all ^ 1 /\1 \ 1 t * 4 ^_ia 2^2I ^A<ft^^j ^ ^ « Aj^j— ta_ill Aj^a^k^Ll ^ Ajj ^ ^ 1 1 

.(5-1) Jj^JI J jLx&VI 


jlu^jVI CjliL^aJl 1. 3.4.1 


• PVK ^^3 J x xi<s 'V 1 aL J)X>> 11 Clalc.1 jx^nll ^3 Aij^ill (J-ftl _^-ll (4-1) (Jj.^JI (__^aAlj 
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jUa'siV' jdal! Cjlc-1 fjk JjjIja :(4-l) Jj-iaJl 



L_l£jdl 

135,134 

t jjjjj( jjl Jjiia jjj j-4)-4- (Jjjj-® C5 jlij-5 i 2-( JaLij-2)-l 

136 

Jjjaojl ( jjl Jjiia jj^j- 1 jU) - 4- ^^-5 <2 

136 

jjl Jjjja jjD - / 4)- 1- cfejjjJ-3- ^gjoi^jjjj-4 

137 

^LS-5‘2- jjljjaj -3- ijAJllla jjLjja 1 <^t£-2 

138 

Jj jiij ji jlLo -( jjaiL - 9- tjjjjlajjjj ^X-74‘2) 

139 

(jjjjtluj jIlo - 4- Jn n»t ^lij-ptp 


jluSWI Ajijdallj (_jjUajlS AaLaJl Ci1ja4jJ1 :(5 _ 1) 



4j40a ^11 

4 i ,■ n^\l <UU1 

141 

(J J jjldJl i£-2ty 


142 

(jxal (JjjjS jjjdjlujS jjLbui ^Uj 

tiLLjSl 

143 

J j jlj jl^ 


144 

jjilj - 1 jL)-3- JdJjjJ 

J J j4 J j' ( cfc? 3 

Jjjjjj Jj j£llj-o -N 

<jjj4jd 


^-o j 4>Lj&l CjIjjaiIjj ^-lik^l ^ja. i£l . wliLj-LiidJi j 

• uA dw^'^A^ jjA* jt 141 jAj J^) c> Aid j 

. \jj\j cialjjjjj^j (JAlo-2- j-oj^>j-2- cJA^j £-* TPD Sj^L <j£-Gj 

. 4_i^. dll JSU (Homopolymer) j jjAjj j jJ jjA>2I 'A l£-sjj 
u! - ijj^ lUA jjJ 4 (7-DCST) Jjjli jijJL>-( (jjiJj jjj- Jj) -1- jjUjl -4)-2 

.(12-1) JiiL jd. 7-DCST g-Uk-1 

d.,,:,,Aj UAa <iL^j JjjdjlS Jjjj] -N j 7-DCST j TPD cALj^ <> laUkll 

> .* 

*aJ ^aJ Jjll Cllli cillij jLo^jVI Auj 

Ai-oL^j j\ ,XiVI AjujjJs AJxXl^lAUj CjIjJjuI^ l$J2l Ls£ .Ijd! i_JJlall 5Jlj] 

( JjJ -9- JjjUjl£)-6 j dALjSllui JjjjI ( JJ -9- J j jbjl£)-2 (>“ A duUi jll 
,<alido dlllC-Lia JljlaLj tg.1 dldj CdiLotaJ ^!LaJJ i djlj j£Ijjj> Jjjodl 
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CN 

7-DCST 


JjJ - 1 - jLu j] -4) - 2 ^L Ua * /a t : (12-1) 


i^)L-u£jVl AjJ dll (_^a A \a~\ L_Lix-ajJ J iS 

J jjljjllll j ^Disperse Red-type cVu&'l II ^ aSj&a a2j] <JaI ajjUJI 

4j^jLui£jV1 (J^*- 1 a AjuJ^p djj^k .Ac. ^ i!a C1jI.1c.Lia t4Kuill ^LaIc. All ix-saJ 

^j^Ui.) Vi cxj 780 nm .lie. (jCIa^^. ciA_^. ^ aII (> ^c.Ij^ ^^)aj cI^aII AjjjjJall 


(JaLxa .(TNFDM) -9- (jjjjls jjiij ^p^j-7 4 4 6 2) %1 (JIa*i1ujLj 

dc. ffc ^Ijxjlj 4 60 V pm 1 aIajS l 3 a^ F = 140 cm 1 jjjjSI 

A 

a 2 j-Call Vil jaaJ jJI A_iuiilLj ^jS 5 I 6 ca cxj . 52 V pm 1 a'ia^ j^A ^jLj^£ 

. ^JjLUl I.1A ^j_^*11a ^A Laa Ljjj^jj ^ic-Vl L2£ ^_fljUa^i] aIaUJI Aj^)Lui£jVI 

(j-G A_i1C1a AIujIa. AIoiLoJ £-A AAila ^LjJ ciSjJjauJI dj^yll^lllAll JJ-Ail ^Ia'u 

Jjj£L1ja-N J C J JjUjlS jj'( Jjli3 jjli- I jL)-3- Jajjjj 

( _ s Jc- JHall Jjfuo (_sJc. (_£j2kJi . 4jj 1 ' (J j jU jl£ 

-3)-9 J J-jjLjSlljJl -Lj j _jl£ ^j-q t t-_ajlia^]lj 4 r. ^ ^11 CS^L J^'"' djl jj yz 

. jSIjill dll (jjSj (j! jj^-ap 4 lal£ 3 l *■ '' il a n W 4 I Lai . (Jjjljjl£ ( 


4_p21 Ajj-laJI ‘i j^LV 1 . ; 4 sj\ .X-,VI 


Ljb£j4» 


JLaalu.L j_ial JaIL pLL JaI^- 4 a_>aL j£-L .(Living radical polymerization) 

Jj“.<jl -N- QjVj.. 1 . ujL * ^Lj-6‘6‘2‘2 j And ji'.-ajl ^g^i'V'i _)i^_a 

. 147 (jj-iijjmj JAui t _ ? cLj-6‘6‘2‘2-( ( _ s -aa^jl Jjjij J2jxa-a)-N Jla (TEMPO) 
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lAjJakLlA (JISjjI CIjI 1 Aa £^)-a SjLa (- q*^a j ^13 

CjVI IsjjA Uj'j - 1 j\j ) dil ^. ia-iI cCuliJa CjII <L-aj-o CjI (JjjLuiI 

(tllVljSjJ jjb‘‘'.)ij' j£ L>° li, ~> L$J^ Jj-aC- (j* till JJ-aj] _jJI o^A (jjSij . ( Jjjlljl£ 

t_uljli 4 ii, Wi, o^ll till £ j* .lie. . Jl£]l ^g-tu^jl (j - _>°j £-» 

tlllllj^ (jl (Jl JjljJ La-0 tlgill tllliLawkll llljjj itlllajajl Ls ic- 4 llal t.!nll t4AU-o 

> 

• ililLUl (jji ^ I jail ^jiUll j_g jltitall t-"'j^’Wl is t <u>»'l 

ji;.al JjlLI ^jljiiij Lij jxsz L.t.-tla 4liUal C-60 j CjIj£^a 3I AjLi] 

. Clllj.lLa ulLjali V j . AjJa^yUl AdJ^jJall (_j-al _^3I (_£ ^ cJ -0 ^ ^jj^jjIjjoi ^jIjjoj 

L_jLiC. ^£.^>11 LS^ _j (JISjjI A_^,^p 4 _i£^a3I jI^aII 

.* 

.o^Iuaa Auj^jJa Aj^)Loi£jI SjLall cCIAj.'AaII 

jLaA/l Lf^~* Lf* J)*^! C5^ AIaxJjoiaII Aj_jLuj£jVI AAj jx>ili S^LaSI 

t 1 PMMA jl PVK (3 -0 3-al tc-u^lll ^a^.VI ( *‘’ (JI>a 11 cdjLiLa*-al] 

. 149 2tt>a Jliia ^ (ECZ) JjjWjl£ (JAiJ-Nj TNFj DMNPAA ^ 

0 % 

jjjaj 4 illSJI ollc-j jlLal (jiaall (jiill - ,jiij3 ji ijjlil 4jiSj i**i\xhmhJ 4l] 

^j-a 4-jx.u ^a S^jIjVI (^] t^A • Aj^jLoi^jV I ^J^k-ia ^Ic- t *— .all 

^gk Aj^)j^3l 4.aJa!LaSI ^gk I J)>Wa 6^)ljj tdSij l-Jj-a ^1! o ,1 Jtill 

^aUaj ^3 AjLttC. Vji^. ^ }naM V j i<Stx9 4_jAl n<o\l 4..bJa.uIl ^jj 

Ajt^SI o^lc-V dil jhar a\\ ^aUaj ^jLajJ . dj\ j3^i» a\\ _^jJa 

C1 jLq^1x-q 4ilj£ 4-u‘ljl .4-2k j-<JI b^yHuu* S jUI JUtu.li jUVI jsx 

.l_ 1 x£-<JI j^Vut)\l ^gk C' nl ar jc. 88 cJj-^ 

L_3 ^jolaII PVK/TNF (j-o Aj^ixul ojLall ^juui^j (_j£-aa]| ^ 

JjxJI DMNPAA — ! bj .DMNPAA 4 ^ DMNPAA^ 

<GL\i ^k ^-Ijj V ^^Ic- JaaL^jj 4 *j^uj a jg -n jj <j\ Vu J 

(j-aj jj^SU jjl (JA^ jj4^ -/ 4)-1- l!^j^- 3- ^gj^jjjj-4 ^IaL . ujILSIuiVI 

^-^Uil L_jjjjj]Ij LaA j t4jjj-ja 4jjLui£jl (j-aj ^x^aalj tAajlj ^'\ja 19 ^IiAja t<k.jJ ojlc-j 

^cilL .4Jauou]l DIVINPAA 4 j£^a1I ojIaII Alai ^ aII 41a^VI (3 -° S^-a 63 j 2300 ^I^Iaj 
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4_£ja 1I siLJI ^ (dispersivity) c j1^j ^ jlll sjIc-V 4jI>"uhV1 


4. uJrab^. ^jjjLail ^Ac- 7>"l » tiV I Aju^jjoi A_lJ^jJa -Aja C_kx-aj La£ 

. ^ 1 ^js~ik\.\x> (Jjlj (j ^ a£ ^ (JJaI (j-° 4_i±jL^. ^djoiLai CjI j 


6^C.la ^Ac. _^a!I AVl tPVK fi^C-lii ^^Ac. 4 j£^)aJ1 jI^aIIj AJ^jIIa 

a1\^A\ ^ ^^AcA [ U.)b\ft( l!^ 3 JjjL-4) ^Uj- 2‘1- (j;iliii3-4‘l] JXAiljJ 

Ia ^Aj AiLjaj .LnjaiJ £_ujjI ^Aj ^jlc- cA^Vl gAa c.^ )u>i <jl M'\x) . 

* 

• PVK tj-o t _ s -lc- 1 <_J ji . i — '-_al jy 4 *21 ji. laj Alai j!la]l AjJt^,ljll PPV CllljJAlljJ jli jya. 

<-Wj^W-4)-( cJ^-bS ^gjaiSjpj-o-S)- (jyy- JA^- 0 ) cs^JJ _>A4 • >41 dj| j jaj\ jj 

(jjill J-oLaJ Aijlail bj^a. 2] .l_1j£ 11 2lSlj AiLiaaJ PVK (jc- ^L}4 j (jla2 j1.Ujj( (jj-al ( (J-liia 

^jj j . Jj jij_jj_jlLo jjj. 11L j» j’n^l ( JAjj - t _ s -a2jn.a-2) ^22 -4 jl aa£jVl 

(jj4 j)-a blUbdl (jLui£ jkuJI 4a.^-aqA.'l.all Aj^jA^^Jl ^ 2 jil 4j Vilt 

> JS # # * .* 

Aiajl jgj La£ tjjjlll (JxLaJ 1 '..”..'T~ j" 1 121 ^p. 4_2__yJI 4lj2l Jg laJj . blU-lLa 

. I'’" 1 AyjUill jp <■ alVl J ^ ^ Ajj yja AjjLo2jl 4 4 . ..I 


Aj_jjli]l i"il d.ll.nilii-^.Q Jj4 (_g4jj . CdSe (JJiLuj’f ^Jfr (")1 0 j< 

>■ 

— L_li3 -ia-aj ^j-a CdSc/ZllS CllLaljaLaJI jl 4WSC J A^jiLail ^I-ai ^Jiau^Laa^A - 1 

^ljj-5‘2-( Lr aa^ jl jjao^A JjjjI-2)-1 J PVK J-a^aij AjS^jj . i JjLa ^ ;i_l]lij 

. 135,134 ^LaL^. <iia^ij ( jj^jjj( jjl Jjn^ jjli-4)-4- JjilLa 


^j-a V a^-all j' - X'iVI <4 j; • ^ ’1 Vj j y 2 ^21 ajLall \'3 ^ ) A 4 jI 

;a_iA4ll allLa^ai^. j t ( (jjlyl JAlj ( _ g jl2j-N‘N- Jj\^ ^125 )-4 J tTNFj tPVK 

<J jlaAjV I ^ (jaa^Iill I2 a ^-Li.jl ^JjSjJ - 4jjl ,X-,VI La_aial J ' 

. ^_L*_21 4ai]| jS jx 4il!i£ 'ialj j ^21 i_ia 2I d '' a';.„-a ' AjUi'VI (jl _2j AjJjdall 


^1 4 yu lillj 1—lAuij . <2lc. S";j.^.' 4yixi. jb alllil j] jill jbLaii . 

■Vic. (J^2 ijj 4-blj jdj/l Ia jj2?. j (jjjl jill jyJ yjUaSlauVl “bLli ^ a ajl'i-aVl 

. 1^ PVK dlljjJ^. (Ja3 (j-a djld^dll Jlajjl J allljjjjill ^jaabaalaal 
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•C£ja]I ejLall C-60 .jiil j_jia j jlij 

^ * s ^. ,, c 

£a tjjAaSI AjLaioil <lojlj £A«JJ 4jSl j iC-60 el.lV VjIaa jl .XiVI j->i «.|jt PVK 

^2 y~- l^Aj 4 ^}Z1 l 3J^ (jjdaJ j^xl t^lLdLj j . (Jjiaj CLiVLgI*a 

. ^^lc.1 jjj dVLoUtA J! 4 -v n'i'l ' 


1 \ ajLo JLcjlJjo j Ij L_ajUa^]lj PVK ^Jaa^j j^x.) 1 6 ^ Ifl^l ^Jj A ^ ' 

LS lc. Jj^^.11 ^jsj Aijiall b 2 $j .(JjIjaoI jjLuJlj (DR-1) Disperse Red 

<lj jUI Jd j-«.n AJlc. PVK o^c.li ( _ s ic. (JJUal J-Q ^ g. ^JjAj(jJ 

^yi j L fifr ^aJ 4<1 a 1I 52 PVK ^lix-aJ (_£^>^J 4 jI.1j .Au-u^-a <UaLoi j 

. jjUalllj ^cJIx_a1I (DR-1) (JIaJcLuAj A jIViaII (JjA^^I 


( l. <a,l^j tlj-lLo Allix-^j ECZ (JLaxjjoiIj PVK CIjI^jajI^j (Jj-Ixj (j£-aj » CjLj^IaII 


^JjL J ^ )Un1 (^jl^ J^JjoiI ^a^c. (jl (j^AJ Ig.i'SJj .^UjJI (JlijjVI a_jl^)^ 


(jljj^)J (J2j_jlj^jl£ (JjjJJ- 3^1 jA iPVK J (_£_jJajJ AjLola A^Ljal (jl . ClAiLjaVI 

J BisCzPro J*} ECZ t> V^UIaVI ^ . 159 ’ 158 W Jlia >1 (BisCzPro) 
■Cxjj (_$ 2 mj t ( _^.l=»._)ll Jl&jVI 4-i.jJ i_ iiijj ‘ECZ/BisCzPrO JajVli. 

• 4_Jlc. ajl^^. C1 jL^,jJ -lie- lilLoi *12 Jl 1I . CllliLjaVI i. u*n cllljj 6 4 j^.IjjuVI 

jjpj-^)^- (^j12j-5 4 2 j aj^jIaII ajjjaJ^I 4j£^a1I jIjaII (jl .jIjaIujVI 


J <Jjjola1I 4j£^)a]| jIjaII (_£.Ajj (j^- 4 JJ^I ^ J^Haia Jjjj (Jj^ij l5^3 ( 

ca 1<JI 47 -^c. I jl^j J^jl ( jJ cJ^ 3 jjjj- r 4)-4- ciA^ 0 (j^l-ij-5 4 2 

. , u^ill c > lutij j (jA *^ c ’ 


CjU .2.3.4. 1 


SjIc-Lj A_iJjjJa]l Aj^)Loi^jVI 3 (JLojtJjailj a" aIJlS C1jLqI^)C. ^ lUjj (j^AJ 
A-jjtjJaj-o djl^nij (jjk^j (_^^)^J .^Ja^.^UI g. LiJ^jJa (__)ia^)^-A Aj^jaill 

^1 Jjul L-LU.UJ J J^Ali <Lli A a! nJ C1 jLqI^)C.j] J& UJ^ c'* 4 jLal£jVI (_5^ 


6 Jjalll (j-Q J^a'iI 6 jLall (_J-aJ^)JtliJ AIaJJ)x>>\I Aj_jLal£jV I (_jjk^j (_^ • (^^aII g> J)»^\l 

(jjj-o^)^ (_)^.ljj Aic- (j^£jj (^5^1 4 4 -ajIc- AjtJaLaa (^laLlA (j-QjJalu 

* > 

^IxuIiaII <J) oiLail o^ljiAil S__)^JI 4 — '1 W iTi'l . 4 il-'^'l <JLi. ^ JjiljjJ 
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Uj Xic* (_£3jj tA-ildlj Adlj^)^ QJ^ x'ti ,o~ l!.J^ cJJ^^ 

. ^1 J^xixJl £A ^1 Jjj 


(j^AJ . A_iA^«^. C 1 jLaI^)C. j\ jA ^3 .Yi, 4 a (Jj^ar-ixill I^A (jl (jda 

! ^Ija t^Jjda ia a i,i djl^)^]L]l SpLiJaj (_£^)^j I ^L Ia£ Ad^dall Aj^)1 1^1 (J^jlLq aIiII 

.» j> 

L_J ^jjlII j}A A * i^LoJl ^JaLiAll ^3 dal W /till till j A^-iiL ^jl!ii 3 • (jd^d-3^ (jdA cJ^ ' 3 -a a 'a 

^Ic. ^!ic«VI ^JaljAll ^3 Ia 1 g ft jJ ) jj jlxJj 4 jsl^ill (jUaj jl (Jj-a _$-&il (jUaill ^3 

^jjjlda jLoi^jVI Ad^)3 (J^-^ Jj ‘AW /till ^c-1^3 £^jjj iaA,‘a cilld Ludj . 

cAllHijjl jplxA jJjjal L-llUJI ^^3 ^A l^dldsl jl dllddJl £jl_lA ,^^)J-AJ^)^]I (J jjl3a1I 

a'N^II ^jHaljSjJ^All (J^xiA]l ^j\ />n ‘iV I LaI . A.qI'iW.a jsl^j ^Vl^ ^5^ -l^.jJ 

AjjI^^JI AjjIj^^JI (Jj'q^fcll ^3j 6 ^jj^jaa]I jl^JI (J 6A_i^jldJI J jAakll ^3 

ji 

-■* *'■>. ■ j'I (Jlajjl ojl.il jl o.il4 diUll ^aAj <— sjjuS 

liili .Vu j .1994 J»lc. i J 'jg ^ jl .XiVI <JJ jjJa AIjLai lLiIjjL Jl CjIjLaiVI cJjt 

- I jJ \ 'n.'^"i jIjaJI oi& fl-il j.n-vl j J-V II 


j^r. ja ■ .'J jjc. t(JiL^JI Jil£] jaI^ajVI ^ jcJ eli jjj ■ eaj jl^jl (j ja. J 

Cjlje^ill Ciil£ . 162 1 Jjj SJj} I ^)l Aj.i^'iVl Ajj^jJa Aj jja il^j A_djA oJIa (JI_a*1i»jAj 

JjjjI- 2)-l jjjlll ci-°^A w-^^aaII TNFDM j PVK AjaLj^ ajjjjJo]I 

^^ic. qs-**'} tilLiAj Jjjja jjij-'4)-4- (JAui ^aiSjI JjaAa 

. 163 4^ Jtlis 0 j^' J-l ja. £. TNFDM J6l£ 

Ajj j-dall AjS^IjVI J4C- l^J^.I^)3j 4C1 jIaI^C.j3 (Jj-s Aluij Aajju 

Aj^jLudjVi (J ^*-3 a ^ic. I jLdc-l CjIaI jc. (Jdujjj .UtA — ^j-aL-allAl _jl xu^jVl 

^3 (^ I AdljjiiAS dal >/iiii Idlj^d (Jldill (JaL^ a^jljj AjVq'all (Jaxj-ujj j .AjjjjJall 

I ^^a ^1^)^ ^^»a (j^AJ .PVK AdJaL^. ^3 daLddo (j^> lg » /aj 10 ^ (Jl-?- 0 

o^aJjaa Aj^j 3^ ^_g3jj (j^J • ^-dajj 

. 164 4, A i Aja. jaII 

^^Uda- ^lJj-9‘9- l!aa^] _ ( J^«^j^-4)-2)-7- ^LS-N^N uj^' lU^- ^ 

^ Adoiljj ^ ( 1 3- 1 ) (JSdSI jiajl t(AF-50) -2- o^j>^-9H- 
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4.nxll djLo_ji*-a]l 4 jIj£ Cl ^ 4 il’X'l j C'laj 'W''l lilljj cPVK 4, u>iA 

jjjUj PVK/AF-50 < x.j. Ctvj .a^aluix He-Cd jjyl Aa. y* 325 nm 2a=2l JUaliuiU 

. ^ jjJall (J^llUll l JjjVl J^*' Liij^jl ' n ■ ■' ^ jjiHl (_£jjjlll ^IjuIuVI 

jAllj .(jj-ajllS (JiLa Aj-la. (_3 ^Ij!Lo ^Uaj (JSCuJ f.\ j.aa.11 dial! AxdiVlj djl a l^a&laiYl J 

. JJC. ^^jLloJ^II J J^jll (jl 



^Uij- ^jjljj-9‘9- (Jjjjjj -( J jL.iijjj- 4)-2)-7- Jjjja ^jU5-N‘N : (13—1 ) JS22I 

.Q;i4!-2- ^j^la-9H- Jjajjj- 


PVK j ECZ j TNFj DMNPAA ^ j UAi VI ^jjJa jxoj] ^ JLaxikJ -21 

ajljl CiaH lilli J tlgHjlHSj cl ill. ^11 j'laI Jjlill cUuVl ^gJjjCall Cjj jC'iU 

Cluli_lC. 5 J] clajVl Ajij^Aij dlLo jla-a 4iliS iS J • l*-o jjjjl (jjj JJ j3 

800 nm a jcs cli^j A^j^s j jlaj 4*1 . >> ■. Ax_^_> aoldaYE ^Ixulxja 11 J 


• ^ i\ ^r~- 5\f- 

L-)^^ C3_^ 1 jcv<a A Xy xu^ll C1 iLg^ 1 x_a]| ( 3^-^ 

CjKunW (Photochromic) Ujl!* J 

i J?k^\ 1 !^IA5 Ajal^)C. jJ jgJI Clll^Jjali] jl trt^lVI jl j£c« ^)JC. 4_ial^)C. jl 

. Ajaiij ^3 tiilj j 


a^c. \ win (Jc-lijl Qjlll (J-al^. 675 nm A-^- j-q J^la 

ClA-d_jC.^3& C1 jL^.j-g *^ c ’ _jjc- ^3l^)C. ^}i^. 

.A-uiij j-all AljUi ^jl x ti^s iV I 

_jU*iViV 1 Jj.Wx> A-oJC- l ( ^jjJall 

<j£^a]I jI ^-aII (J jVill Lxjj 

Va\ .diUtiLa CljlLaija c>° J PVK 

cijlj S j ^ k Cy* u^ 1 ) .TNF C~60 <■ kllilis ^ k /nil cijLauaL^-A]| 
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. Jj -( jjaiLj] -2- (Jjjiluj-3- (JAi^ -5‘5)-2 (j* ajjujLjJ aAu 

.(14-1) JL51I >! 

Ia£ (. jl 1 (Jliill LjKn-;,ll a^j (jl 


2 + 2 Ja-oj ^j-o 4 jli\ jaj 5 dj^lcllL Laj^jj cAjjjjJall A-AjLiaj^II 4 _i^Ia 1 I ^ja AJaJjoA 

4 _^.^jAj lilsu ^)\ mi5iVI ( jtntiV'i Aic. 

(JISjjI dll^^A Ajc. aIa^)j . 4 a£^)a]I aI jaII L 5+’^+'^ 6^)1^)^. 


CN 




Jj>jjj3U -( -2- >1^- JjjjIuj- 3- >+» >2-5‘5)-2 :(14-1) >uJ! 

.167 ^ AaIxja JaI ^ j 


aIjaII AjL^iLoiI <1aJ i AaIc. 6 Ac. la A-Jtill Sac. 1511 jAij 
(JaL^,j (JlSdjVI 4_^.^)A cl)- 0 JSj l_J;u£ lalxj ^larTl j)\ k A 1^1 

• 168 l 5 


Sjl^)^. (j-a 1 _paii.l ^U-j Jliljl sjj- CllL^,_jA dll A 6 4 a£^)a]I aIjaII L-U^duJj 

Jl>l ^ <j^)Ia!a AjIajjujI AAa^jI ^j-cjJa i^Lij^iil (Ja!^*JI (JA ^1+^° (_£ 6(JjA_ja]I 


>1A 500-200 

^U-J (J12S3) S^)l^>^. L — ^+0*^ dilA aI^aII ^ dita j ja ^Jaj 

(_£ jj^a <_£ jlad ^lill 4 a£^}a 1 I aI >1 (_£Ajj &A& . (JjAjaII 4^,jA C+° CA^^ 

^ja llajl l^lLl^lLail cJ^O (J ^] aIL^JI ^a ^JjJaal $.IaI (J-°l^^l cl) -0 

» k xi5 iV I ^J^xAa (j^AJ .Adi^lil cJ-°^_^^ (j -0 (J^ L$ iS ^Ull ‘■^■J 
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CIj! j A-j^)j<ajl^j A^o-° ^3 4(_jjj^^C< ^t- LiJ^jJa ^.x.jJ^jx, j 4 


jjlj_4)-N j ECZj TNFj PVK ^ A., OaWL a Jlajjl Sjlja. CjL^.jj 

. JjiJjjj-l-( Jjjja 


Aojlio! j£ jj ijAJI lj) jj£aj]| .4.4. 1 

^^3 ^U-qaajoiaII tiilil Ajoi£Ijla]I A-ilVl AJaLoUJ ^A A_ijUa]j!9 jj jill A_ilVl (jj 
^3 S..Y) La ^3 Aa. uuSJI jli A_iic.j a^jAx-a-all 

. ^ ^ it ^a\l OjI 

.* 

. di UjOAxaSy I .W*l°l iSjULa SJLa. ^Jj LijJ aJU. ^a ClAjJ^jaJI jIjj £ ^)-aL-a!lalj 
4<j£] j .AjjIj^^SI AiUall .iJ jj ^ a-liLa c**nnj\ ajixlla CjUIU (JLkJj (j! ^jj44jo£>U (j^4 
^jc- A_1 jjjoia]I ^A 6^A (jj 4 CA W xm\ 1 j)-a ^ j_j ^Jj (j^)SJJ j)l ^Jjjjjal£^U (j£-aJ 

. ^jUal (J jjlLaII 

Jl£3l Jjllj . Q jL.*ba]l XiC* A W /Ml j)-a A±i A-Oa^^xill OljUll d;^j 

Ifrxuflj a jLall Clul£ lij AH-aLa-jj 4 ^^)Loia] 1 ^Jj 6Q2kg.ll £.UjI ^-a^llll ajlc.j CIl^Ic-ILaj AW /Ml 

£-a <UjIj1a 3I Cj^lc-liill j£-aJ .$.! jjoJI ^^ic. 4_J j£13 J CAjjq&J^U JSU Jajai J jjJ O^jj 

. jLnll j)-a A^JJ 46Qa^J! s-UaJlj ^Jj (Qjjj o' OO^"^' ^ ^ j' Ljljill 

Ajjabajudll Lj^LLII Cljlinlaj ^3 AjjjJaxJI 2)1 qaI! (JLaxIiuiV L-AjjojI oJl Z- OlljA 

! 1^0 AjQjJaxJl jIqaII ^u’fi C5^' ^41 q4-g-& 11 ^3 Ig-a&l j-c£j . AjjUa] 


jl 4^QaJl (^*^4 a ^4^4^A4Jj 4^-alj-lll ^AJallj A-lj)^ juaJ AjQjJaxll jlj-all A_^Jl*_«a o^-aJ .1 

.^US (_£>La. o-a qWJIHj 

j-al! Cjj 0 JJ*-ua AJjUJIj ^A l^-La L IjU-SSI .2 

. Aj^QaC-^Ui jl^-a]l ^\Hjj ©OJO^* 1 U -0 Aj^jJax 11 

(Jj-a 4 Aj^C-o^' O^'o^' LS^* cJ L ljLlxU^ AjjOaxJI jl *» \}\j4 a) .3 
jl ill ^jj La£ .lAoJC.j 4AliS!>LaJ'^l j 4^A_i3Ua 60^3) j^la^a]! ^jUaill 

.AjjOaxJI ^3 LojLujI ^)3 jLa C_ijUa^]lj 4 A^jLi-aJ^ll 


AiljJ J4 o AjJjISjJI J-a’qq A4^-a AjjUal j3 jJjill 4 jjjx2_j 2I LiiLaJI C UjijI 

. 1 AjljoiI 4 ^ ^ n'^U <ia3^41 J ^ . -~-> 11 jnnA >> i ^3 Ljajj 2 ^ ^ ^ .\jc ^’' *4421 
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Jax-ll JaLdlj t AjtAx^k V I j t <£ 3 ! dll ^jxnl^All ^jiaxj cllljAj 

.aJBU <- \xsi'\ ^j^al jdj ^Ull 

(jj ^1^, j x 11 \\_J Aj^ULg ^n5Li AjjjJax.ll jlj-all J^LA y 

.(j^Slc- ^.ql-s A_=».j JLaJtluil Ajc- Alall ^ 90 < _ S JJ 60 (jAJ La AjilS 100 nm 

£-g tlA^. a£j3j A^jabOjoi £_iii«aJ Alill^-d ^j-aL-aJ-oV 1 (JagIx-g ^jjj 

. A^. ^Jj AjjdaxJI jl j-all c \)f\\ (j£-aJ tillj ^Ic- J . Aj^i-k-a! 

J^Uaj ^ic. Aj jdaxll A_ijl_la] j£ dll jjg Vill ^-id-aJ (j^fLi j)l £3 jdill (j-o 

A^Idij cAdaidLo dlL^,_jd djl^jj^jjjaj (JLajtdailj £joj!j 

.^ii_j-a AjjjJaxJI dll^jg.yd]! ^ jjl^jdVI Jj-aC- (jj-3 A-jjdaC-!>UI AlijUalj£jj^i]l dll jjg Vill 

(jla^^-xill jldll (jialidjlj Jj-gjj Aj^-gJ A dUal j£jj j£ll L£)Ldll ^ l^)jj£ (j] 

. dllj I AiLaua Aj.2k-x.jll I till^)^. L ta.da ^Jj j jju ciiljj 

I n a mV* 1 ! Aj jj-<u 1 ^11 Adlla]j!9 jj jill L£>LdII (j-o ^jlill jLull (JJauVi (j£-aj j£l J 

. ^ t. * i1a«o d nl^^d (j-a o^).ix.j^a A_ia£ AfiljJalj Ij^)A^^. 

aJILqV dAj.Will jj . j^ill -i^.j u^ ^juixuii]! ^LxdVI <- .£j^a jl ^^1 *-a 1I j-$ 

.* 

IKSI L_£^*j .^ajiajoi]I ^-LsuoiVI <■ — *aj 3—> \ A-dl^-o lg.Lt?k ( ^3 j-a£l AdUalj^jJ^ill dll jjg Vill 

: Adij-allj j)\jj Jl j jj I A^ldl-lll 


(3-1) 


jj - 7 max HC 


GA e 

.S^j. a^Q^II sjjll jUj jA / max 
• oj.Lja'yi G 
."Li.j-all (Jjia A 

. tilxAj lIijU h 

• 4£.^oj C 

■*yi ,'j^'l All Jail Ajjoij AjU i_s__)xj _j^3 fj^ ( _^.jliJl ^Ualji jj jill 0jlill Uil 

• S a j .;g . >’^ £zJzl*j±! G sc-L^aVI ^gil ( J J^. ^1 P mwi 


(4-1) 


V e = 


GS 


73 



i (j) ^ jjJall jjll ^cjU A.1V ^jUnl j3 jilt 0jU3l (jC. jjianll (j^AJ 

^j£aj C1iIjJax_a]I a^A ^ja .Tj e — (j)Af 6V max j hV Aj2^UJIj if £(Ja1I (JaIjla j 

. a^LaaII ^ \\ 


(JaLxa (jUU ^}aV 1 c4U^j 1 ^ jLujJ (f Ailjjll ^cj\j <j] ^al^pal <_j£aJ 

^Jt> eV max fhv Aj-£3Jaa]I A^c-\ju!li^\ AiLLallj 6 «i]ja]I A_ljj^jj£]VI Aillall Ajjaiill .f £(Ja11 
^j^a ) Ajl 1 vV'nnJ 0.5 (_£jLujj -A (_)AAjai]l £jjJa ^iaL-alixil ^jl 1 UU .1/4 

^2 Aa^-aII (JaI jxl\ (jj .AaaII 10 ^2kJ ^ aI-iC-VI ^jUal j£jJ jk\\ ^tjUll 

. 170 dal W a ‘Ii II dAj jlllu^Vl jL*»*nl (J^Ja D^li£ll 6^ ^j'a Vi 

i^JjjLijal jltlill CjI Jlla.A J i(Jj2 jjjl^ll (JajujJ A^iLo (. Y\\ h Jj £AAJJ ^^Jc. AJjaI 

. <Uffi a <. Y)\ hj Cljli ClAjjjk ^gJc. aJIq! MEH-PPV j CjUjj] jill Jjajj .^jaSjjjJI j 
.us jj-^a S jUaII CjI jaJ CjU AJ lii Cj^ljSTiA ^a CjUj^)! jill 

l_u£jj]1 A-iLaC. CjIjjjj£ 3VI (Jliiil CljljlaV (J^aju 


dj\ q“i /ti a ^a aIaII 4 ^Jj Jj-aj Spli£ j^iaVi L$y^ j 

1 j A J aj 5 ^lc.lij ^Ixj . ^ jj’A'nMl JjjoiSjI ^Ij j c ^jja jl£JI -imLai j 

. 17^ Cj)y »«5V1 j y^-ji Uj^jJa 

A_Lkl.iiA V il,5 Uai ^Ujj (J^aj . aJjIxa CjUj^^ £a AiklliA Clil^ u’li (JlAxiLoil 
JjUjjj j (J1 a ajjj^^JI AJu-k-sa VI j d}li^>i jill l^IjIiaaII jj-s y'lllj 

. ^3 AaaII ^2 1.05 U^)I^A A_LjjJa Of.li£ S^LujVI ^2 Ajjliail 

aJ^jj^a CjU A.L. aiA CjIjj^^£ (_^^^-i 2 (Dyad) a ^hil IaI 

.Uj^jJa (JIjl2 ^jIa x-a A^^jJjola AJajl^)J 


A.lVa ia C1jIa^.j Ig.^aA^aj CjUj j] jill A-^. (JjUuill I^A ^2 j 

. CjU J A^JIa l.g..iaA^aj CjllljUjal jlUiSl £A A.3t.A>A CjU J 

(_ja £.\jj ^ja AJj^aII Aj^jJaxll AjjaiAjoill L^UJI ^2 

JaiuJall Aic-LjaA Aic. 1.5 Axuilj 6^)jx^i'aAli ^\_JJ ^j£aa]| 

^2 A Vua ^j^la]I ,Va» A A_iij ^Jlj . ^78 ^5-2 A_iic. ^A IaC. C1jI^)a 

•(15-1) 
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a\\ J)1j~ i4j \j t ^jaL^aj (J!Lg ^jAL^ill ^ Lix^a AiLjaj 

^3 1.9 ^1] 4-^da i^\ a)j . ^ ^ ^j^al.j^a'.^V 1 L..,Vj.]a £JjujjJ l. *Q^j 

. (lOOmWcm 2 ) ajjojIjb S^Ljaj ci±^j aJL<JI 

a^)C3 ^axj^ JLq^\ (JjjJa liJ ^jJa c - j ^ ^ *'*' 1 (J1 tag'll ^Jj SjUoVI Cl j 

1 dj\ w /till AAx-saiixJ! aJUJI ^-ac. l) j ^ jj . ^ 8 ^ A_iL-all aJL^JI ^ ^ 200 ns 

Cjla-jfialll ^3 oCA (JllilVl A_xJiij| (JLqjCLjjIjj cAjjoiIj-g ^^jLxjiaj dA W a**i \ l \ 


• A_J y 7-^ ^ \ 1 4 < <1 1*>\ 


^li-9‘9)-7‘2) J# ^j-Q JjUal jC cii^Laua qj£j J 

•(<-!jj^A£ jjij-3‘1‘2- JJ -'2‘2-( Jjiji jli^ ( _ ? jl2i-74)- , 5‘5-co- jjjjia ( 

^^3 cIa^. AjJai^-Lo A^^)jjaui]l Clil^jj^jl ^21 I -1^1 A_iJjjJall (JjUalll 

(J^jjjolaII (j-° AjIc. (_£ yy. lAj}1u±a jj aJU. ^^3 1.87 cV 

jj^u] jj aJU. ^ 1.77 eV c JjJLjIjj jjii-3 t 1 ‘2- dj -2- 

C3j . (J \ n\j x *) jJ)1j - 3 i 1 12- (JjI - 2- (_j3j)\)l.un ^Uj-7‘4 (j-o AjLabo 

d 8 ^ A^sUal! Clil ^3lj-o ^iLkCalll ^-laULo yA A3Ual] (JUl3 £J^)juj (Jlajjl 

^3 dill ^ jLa£ (J-axII (JCr\x> _J±aA yl jA PFScBX (jl 

J] Jx-aj AjUaJ t \ : U ; . 184 ’ 183 ^lkl J ^ J j J ill ZjiaAjA I L£UJI 

fijC3 ojj^’^ SjE jIjj A_sIa£j 6 1.00 V &jC3 A^j^i-a • 680 mil 

.aaaII ^3 1.67 (^5-^ Asl^li LqI 4.42 

-2-^jUj-7 6 4 j (jjjjls Jjj^jI (Ja aIsIjIaII A^jiLauJI CjI ^21 

<iSj jij jj (jisLA^-Ph C61-[6 fc 6] ^jjjlj3 jilij-Q ^ a-^.jj-<ia11 JjJLjIjj jjij-3‘l fc 2- cJ^p 

* ji 

6 ^jl (J x <~i\ tiilj AiLjaj . 650 nm a-isa]^ ajL^jjoiI ^^Jai dju^ 
<^-3 ^AloW ^ 2.24 AiUall d^j^ Jj^jj . 0.95 V a-^.jaL<JI 

C1jV-1*-o Clc- AaILxII AiUall i_s^" Ja3l_^j .^jolajoi]! 

. ^ 8 3 ^ ^j>i^ali t * 4 *v /\ ^ ^ O^li^ll aJIc. C1jIa^.j ^.Laj ^)-qVI IcA .Ajiij^-o opLjal 

cAls! jj-g CjI jj-<u1 jj ^^Ic- A_jj 'i^k a\\ CjIjj^)] MEH-PVV CliLail jjll 

s«li£ U . 186 ajjILI .J ijjjill l^UJI ^ s> jJ! (jLoALaj 71^ ^jl 

.<14! 0.01 <51141 
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lIiLloS J ijq jj'jna'l d*jou]l Aijli dji jJI Oj.li£ Jjjn'd' (j£-OJ 

^ dUjj^l^U Lil. MEH-PVV ^ oj . 187 MEH-PVV <> 4-Lid 

900 mV £> jdi U ^ Inn CjUjjj^I^U ^llSiLa Aiiix-^j ( ^jA±nk ^jjj! jj 

. c — Qix.da di^.j g-^da t -** ^*'' 1 A^jdLall 


^LuXaII . 5 . 4.1 


^jAxu] Am H ^pai^-La (ASE) ^jl-L-saj ^gJj S^)LujV 1 dj^)^. dll 

(jjlyn’q (jj\yy~ lii^- ^jIjj- 7 6 2 - cJj^Sa (j* dljiuLo 

CPDHFPV j PVK JS ^ . 189 PVK ^ 4±&ll <>j cM-\ jEj 

. j[±ui ^)^2 _La-d (jsQ oj)\j)[\ AiLLa (JliijV Jfo«j ^dLa C t n'l^jiillj 


Aj^lojI jj ajj^c-I ^a 400 mm ^ic. 4 h^!>La dj^^. Lad 

dUil . 190 ’ 97 TPD M j<2iil AlSUSI ajjjJaxJI djlSjklU %20 JL M jddJI PVKj PS <> 

. g- ^dnll Aj^daC. Aj^j^jj] dj|j ^LilajdaV dj-a A-idc-Vl &L& .Ixj 


(zn) djjl! jl ^LjjjjII 
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j^aUaJI .6.4.1 


4xjg i Vl L Q ^ye, Aj^x]I j^gAc. j £ ^Uaj (JaIxuJ iLiAiisj 

dil j Ala.U.j i j* < *. ; .a >ii (Chromatic aberration) <^jjUI £jjJI o^j --Sh J^' 

. 4 Q V'l -s. /\ L * \\ L**' < ^ ^ -V. 

<^1^3 fi^Lo JaXJjoiJ AjoI^C. ^^ic. (JaLujJ L_jI^)La ^ AIIajuA^. Jl cIjLuj A xJ! i ^lloa 

% > > 
aAA .AjjjjooII A-Jlc- <L^.L^3 SjLg JaxILjjj <JLoi ^k-'J tAjjjjaoll 

. ^jj'S -iki ^)g.Jraj x^i' ClaLx.ti,.lyJl 

<UaXJju1aII 3^oll (j-3^ 3 tl.^lLa L llUudlJI 

4_l^.lj -q ,!>LqI£ \.^\^j^i\ ^^111 £jjJI ^_i^_j-£aJ ULl^.1 (j^AxJI (j-G QjfLa V 

i>iA (jjj^J ^ic. ^I^)xjl <SLu.il L..lj£jftj ^jjill L \) 

.^■IjxjI <5Lu.ii PVK >’ic .PVK 3-0 ^ 

^j -0 J .<Ijg.jai.jl U J k n^J 3 (Jjjjja .^g. 4 vl (j£.<aJj i<jjjLa^Jl fi.lJ.Lal fiLLo PVK (j^J 

clI j ^ a ^JLk-a jjc. (Lj (j-o jAj c^ljjia Lia j L-iUaiL L-j^Lui^n I La <jli ;c^i!L 

.<JC>\ H^>\1 

l_jjAaj jJI l_jILj Aj-lLJI <J j£1L PVK (jjjuJaaj (JL-qjj ^j^.1 <L^)ia 

JJ-Gjj JA J L_j]IL]I .LjjjJ 3‘^‘u 1 * 4~>jl ^>^.1 jLall . (_£ja-a3l Ji .«Vl» \1 (jjj^lil 6 J-liiJJ 

Jl 

(jji 4 jjI j^. "ojAn Jc-lij Ja«j (js j PVK ^1 <li_jdil i_iHlil ^jk £ j^l;" cNVK 

- 1 JIaxAmiIj Idajl 4ij ja.^ 41 o^fthil .Aj^Lq 130j 70 

4 ^ jjjS - cjd-j3 - 4. Uj>1< ^ 


4a£tuill f-';j^'l S jLuxall CijjaJjJI .7.4.1 

AjjjJ dllii.j JUjIj 41jlj L l\ya ^1 Ajiiljjj]l Ajlildo jl PVK 

$.ljjl 4^£Luiil fil yj* jjj ^jl .<j£Loill J ~ l ^ ^’1 g. jdal] CwiLul^ 

. 192 j| jaII Jjld 


77 



CjliaJaj .8.4.1 
.1.8. 4.1 


r'lin"' j U,,'i 4'i'U^'l Ai-nA^II jjl£j]| PVK J-a*iuu 

4j^)^aii ^jJa^ail I^A j .DNA - A A' ' ^ j iill 

A! .(AFM) Ajjill s_jall 4jjl^a.lj j aiil (31U1I 4jjI^_2J JLaALJj DNA II ,_gic. 

(jl I^A (jAJJ .^gUa-a JJC. is^ c ‘ 4^3^ ^JaiLaaj 4j<lA-a DNA CllUjJx?. 4 j 3|__>4 Uji 
,^U.J>1I ^JajoJ ^gjlxl! 1—lUaSlulVI - 4 ^ S- 1.1 II £_a oAl ■ yy\ (Jc.lijj DNA 

jai ^A_}il ^^Ic. DNA CliUjJ>a. (ja jjliJa J-lc. Ja33 AnT'j 

i-_al£ (JAaJ -i=J-aJJj alujj g* (pjNijl ~'^) s; ,'j.. l j PVK J 4jUa»a]l ^ j A.' II La| .^JIjjj^j 

4j^)laJtJI alllilA^I (jjj Jt .Aaiil (j-o A'iII ^gjl (J^a La. (Jc.lij IA .DNA allUj^a. 

. 19j DNA diUj^a. t^k ALaANI ^1 jjVI j t dil j_gi 

AjjIajI) j ,jjj .5.1 

•(6-1) cJ ^ r •> II (_ji “44° S^sjAll <jjL^j]l ?.LajaiVlj djLo3L*JI ^ A <Tial 


LijLaj 9 jSjiall (JjjljjlS JjjjS-N )dil jaajIji (J l£’ 4jlal :(6-l) Jj-laJI 


£*■>4' 

0iLall 

(_gjlA]l ^aaVI 

3 

BASF 

Luvican® 

3 

Genaral Aniline and Film Corporation 

Polectron® 

3 

POLICARB 

Policarb™ 


ub»Sn .6.1 

NVK 'J US .4aJ jac -U^L^lal j \C.'XA (JJ*. lil "jAa NVK jl 
a.luiSj^a]l £-° 4salj]La ^)JC. io^jlLuua ALa [ _ 5 ^S PVK Val . (jlla^jAl • ^ '' “'l 

. (J^(£ 4^.^j l.g.Tlxj.a J9J J .4jjs]l 
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uAj£-p 

9,8 

jlijKnn 1 j!j[2.2] 

10 

'*< <Q < < ' *( '*Q -4 

11 

(Parylene E)o^ 1 jU[2.2] J2«J -4 

13,12 

24 1 jd [ 2.2 1 y } 4 

14 

1 jd 1 2.2 1 ^di2 

15 

ljlj[2.2] (Jlaa^ jl ^ -4 

16 

oMjj^-p- LS ^9j-a'a , ‘a‘a 

17 

(jliijlSjjj 1 jIj[2.2]- jjjK 

18 

JjjiJI j_^1S iJAia-4-( Jdii J;na-5)-3 

19 

Jijliua 1 jd[2.2] jjjla jjAS ^12 

20 

(Parylene F) jijdlJAia jj^la L£jj)t>au- 4‘1 

21 

(jlijllua ljL[2.2] jjjla ^ili-10‘10‘9‘9‘2‘2‘1‘1 

22 

tjijii (JAlo 

22 

[J2da ( L ^& jhsa Jdaa)]o4H-4‘l 

23 

CjIIluiVI ^a'd: -p 

23 

diUjaij^l ^ild jJjLjS -p 


(ill .1.2 

(dl^Ua gd'Yl j .PPX djl jaalji^all (1-2) (1-2) (Jj-laJl 

C.Luu£ J . dlll£^Q L N-.-] ^21 <jdLal]l dll jj ^>21 

. /jUjKj.lII l-'I ^ 

— 1 (Hofmann) jUajA Alijlaa jli^ifLi^ IjL [2.2] 

Lid* (jjlldllj jldlaul -2 JAl ^ — A.^~P 

lS^)^ *■ “ '' A J A . j) (DMSO) duaS jiLoi JAiai ^lii Ji-a diljlilj (l£jL2!o 
.4221 ^a 70 (jx 2^ l2 jj.q ( 1 21c. dil^ Jc-liSlI dil^)^)*-Q 
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(jjLjS-p jjaliLj^-p- jjjla ^bj-a'a^a^a 



(jli jKuM I jb[ 2.2] (jli jKj»i I jb[2.2] jjjla ^baj 




Jj cs _ui£jlia) ( jiaj -4‘1 

PPX AIaxIuaA Lj) JJA^J^A : (1 - 2) j£«UlJ| 


cIllou c. qlC (TFPX) (jAiLj^-p- jjjla ^Lj-a'a'wa ^lik^l jl 
TFPX (j^AJ • ^ g^-iA^ ^2 >Ia ^)JC. jA j Lia^} 

4^.^ .lie- Ax. La 12 S.1a (Jc-liijj 4 \J\a 

4 \*\ xux>\l abA fiUaj l qVi . AXiIa Cj j.1^. Ia ILAj .Ajjja A_^.^p 280 260 

^ ^A-q L_iLjajj . (Sulfolane) (jV j^Lm'I Jja i . nS<o (Jc.li!i]l Iaa -l^c. 

6 160° C (j>a4Al A_^,jJ J^nJaJ . j^Iall (JlSiiV 1 j^A 4'\kx^) ^^X-Lj 

,4X.La 48 -1^ (Jc-lidll (JAJ (j^J 

* 

^jJaSklL jli jftj k n l^)L [2.2] ^jIaj ^)jJa,-2kJ 

. ^^j((JjJJA jjjla ^jLj JAJ^j)^UJ-4 6 1 (j-G DMSO jl -IIaIj^LajS (JjJJA ^JaI-LoIJ 
^Jjjla ^Jaxj ,^U.j] (JaIx. Allix-saj ’’i x sifii (Jjj ji (Jjllui (J./' n<a (JaxILaJj 

.^a jJjaL JjjjlL SbjliA (aLaII ^ 40) l^jlc. lj)i^A 4'\kx^\ ^a jjjjjaJl 

. 2j AaiII A-illx A.aJViI ^3 (Jc-lidll pl^aJ CiUlaJI (Jjg uni j 
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jjjla (jjJiic. t I jb[2.2] jjjis ^Loj t^Ui (j -4 Y-^j 

Pb Br, / A1 S-iUu (jjjij (Jjiiix jj_jia ^Lii j31a)(_>iuj- 4‘1 (jlijfLim I jLi [2.2] 

'l/T ' ; 

. djlila. (j^)5 (Jc.Uj q -q JLloI (Jj-llq ^^jUj-N^N ^ 


I jIj[ 2 . 2 ] jii^l ^US J] j jla jKn x ) I jL [ 2 . 2 ] J] J ^11 

(Jc-liHj ciiljj 

Fe 3 (CO ) 12 (jj (JJjIc. JZ\ Jj-la* ^jAjJaJJ ^Isk-ul jloilj j jinil fij-ojl 

CIj! ji^-c (JaxILoiJj . ^ <]Xix^q Jc-Isj Jaj^jjoi ^k c 5 j^ 

lilA (2-2) )»u\l (JlijjV 



12 £]&&*> !jL[2.2]^S £Uk^>l :(2-2) JUilt 


(Anchor groups)*^ J >»j i_ajlB> jB 4l«UJ CjI jj JU*U lSj^ 

CllljjJ LjaJ iaj t jjli jliljyBI i . i il -v Jjj . 4 ;iU'l i" <\ a^iU"i'l ^ jU.Bl JjJuj] 

a^AiJ al JBYI .(CVD) i^[j^ } <; s^kjVi ppx ^\\ ajjojLia 

^ " 22 

jSjjj . jjjjjj [JAui( ( _ S ja£jj ; ixi Jjjja)] (.j-ujj - 4 ‘ 1 j <j — jji? (JAlo ( _ s ja£jlia) ( jji ; i|-4‘l <_jA 

■ jli jKijJl dalj£ ui i _pi u^jI cIiI^jjjVI i A 
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.2.2 

Aidis 2l^-o V] V (j^l J ^PPX ji ^j-q AjljoiI j aJj^jol} ^ Lila A^al -lil 

.IjjL^j l^lo 

9 %-^ s jV^I £pAjj .1.2.2 

^2 Jl.au tjjLLj^-p ClllelXla jAjJa^J Jjl Ja Jjl (_£-la.) <jj 

cii^jj <jjio 1000 - 800 -iic. 421c- »jl^. L - J ^?'j- S ls^ j2jj£-p — ^ (.jjlj^JI 

Jj Ljl j^. AAI^lall a tillj ( _ s ij C(_£ 77. ^ J" 33 t.j.>»'l ^22l Ja^ijJa 

^)j2^. ^jj£2j (J\Vifl A-AaC- c-Ljj! # 27 , 2 ^^ ^Jajai ^Ic. Ig.Q n^'n 6 ^)a1 JI 

•' y ^ UAic ^ ^ 

% 

S?.l__)j diLujI ^ ^21 PPX 1 jJjSfl j ,. u -~ i ^"'^ 2 ‘4 j U %J\\ 

j> 

Jdkj l^-iS iS ! PPX A2jI^)^.I ^jc. L_lHAI 2 q2u£> 2alj .c^jIj 9 ^ A^J^Ia 

28 s 

• JJ^' U^ j^"P * l£ J 

Ajajlla jl AiLLuj 2 I^a 1 (jlijKjjai IjLj[2.2] <21iIj£^}a A^jl^aJ (2-A*Ilujj 

*.“ I Vi Aj^Ia A_^.^)2 150 A_^.^)2 ^3 C1i\j£^aI 1 a2A ^iVjj iS^)^ ! • ^ A_Aa*J 

700 ftjl^}^. A^.j2 ^ (JjlVi A2^)C J] S^^VI (J^JJ Ato^UI A_1 ^.^a]I ^ij 

* * 

Ai> Jt Jllill jLVJI Jx-saj ^aJ ^\jj^l j2^JI (Jj£jj IjAj ‘A^J^a Aj^.j2 

Salj ,a2jlAl £■ jiaju2l ^^ic. ^aLjjj jLvAI c_SjI£jj Cll^k t a! 1 ^Jl ft A_^.j2j ^u>» jilll 
. ’ utsil ^a 22c. (J ^3 QA dll ^j\ a jl^Al 1 _jjI_iaj£ d^)VjV 1 £->2ajJ A j'lVi ^al^xlujl 

^AJjoLaII 2 \x^i j 22 ] j .AJjojLoiVI ft^oLil A-lii (3-2) (J^jall! 

. 31 s u^vi s >2u 


jjlifl 4jbJ! ooLjlJI Jl j* .1.1. 2.2 

(F (jjlijU!) ( c j2 ; iLj£-p- jjjls ^c-IjjJ jj ^ juAil aj.^KMI Aij^UI 

ft2lc .N aIsI^a]! t2i]j LiaJ ^gic-l j tdll ^j-o 2 j2xJ! ^Jaujj j cA_Jxj-a 

* 

. ^jlij)\^Ui.i [2.2] ^jLaj - 1 0 fc 1 0 t 9 6 9 6 2 6 2 t 1 c 1 AiL^la]! a2A (Jajojj 
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LuUaiS SjikjVI jjj aIuLuiVI AjJVI :(3— 2) jLuiJI 


730-720 sjlja. (_gi djljj-oj-iii ■ n j ^~ i ’ n -' 1 liili a*j i_g^2kji 

TFPX ^jJc. J 

jajji ( jLu-a'ia Cy* jIjI ^ (Jjuj-4‘1 JLa* 1 uiI 

. ’ F (jJjjlJI UjL ( j ; iSjj£-p- jjjls y^j-a^a'wa- 

j ja jIq l*L>^ ( ciA^° )ooj- 4‘1 y j — jjisJI qa 

(Jc-liiJ (_£^)^J JjVI ^ . (jj (j-® ^ 5 ^ 4.1i&.l]| ^j-Q <C-liixL-al 

■3aaLjJa.ll Cli^J j 150° C -lie. CllJ^£3l ^C-Ijj £-o .li&Jlll JIABjj 

A^JIxa (_£^}aJ tAjjliSI aA^^aII LS^J -uAj^-p- LS^ J 

. .liAjj ^jjjol^JUJ _JjJa (Jl^J (Jc-liiL ^ j^A\j 


J ^ j . (_5 •lAV'i ^Ua’ij A-ixJlall J1 jIj£^a]I aJA (j-a AjjoicA ^lAjJ 2 £aj 

. ^A-al! diaA AjjIa A_^jJ 15 yfc ^JjJajjll A ffi aVI ^Jaxull ©y^)^. A_^jJ 


Ai jliull lj! .2. 1.2.2 

jj£jj .A ^y^aui dll j—JlaAjI ^jjj£llJ dll^^A ^_ysh j i. A C-Llx^a (j £a1i 

(2a jujJ . ^ 6^p»-J^U (3^-V jJ Lla y ^9 ^jJJJxALa jjjjLJ ^ikjj A-AaC. y° ilu>^-iV 1 
Jjj£jI- jjjIb^j t -p- j t c jAiLj£ -p 2 -* 4_ajojL1a1I a£j!Ala 3I dil jja y jaII 

c — ■* 2 ^ iy^ [2*2] yc- ^ 2y^.)j cJ^y®~4 j * djy^^tiiA 


34 


(jiiiuji j j ys y£Aj y c^UjjjjI c yi^i y 4 (^5^^ y^ -0 
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j .gliloll J^xll dulj jj a£j3ju!a11 S^aLII a. : i.1ac< ^jj-^ ^1a3 

(J ^la t — fl-il jdl dal^jj aJ^JI c3a JLaxLjjI jj^AJ t g. ^jJall S^j.^^aII Clal Jjg “\\W 

. ^ ^pL-all £ jjJall 

JJUaII J S^aLII .2.2.2 

L.lxj^a.} S^jJjuaC. jI^a ^Jj (_£JjjJ aI^IiaII g.1 jaj^IIj PPX -laldl ^JaxA ^-lila^-al (jj 

.(J^l^j^U aIAs ^jjc. jI jaII o 1a Jtf (JaIxIII 

(jA AxjJa JaLojl ^glc. (J^x*as\A\ c AjjaIja A_njl_^. aLoiLaj ^jja^j jaII (Jj Jju (j^AJ < (j^l j 


.aIjLj aJU ^ PPX 

J j3a 4Ajjajj^} 1I 5 LoiLoAl Aj^)laxll AfllaJl ^Ic. (Jd3 (Jj^ll ^)a^j J' 1 '' /unVl (jj 

^jjaJ^JI ^Lilau-al AxjIja (j^AJ ^aJ . ^ Jjl^jjU Aljiii PPX JaLojl ^glc. 2 jj-a^Jl 

_JjAj\ ^jll (j^£jj . (jj^jjll jl 4 (jLal£jJ-lll jl iTHF JjU A ^^3 djl ^JA^J^aI! 6 3a JLaXJjoiLj 

13a (4-2) (Jldll clh^ . (Jjjjj - djjj , \i x ^ jl JLaxj-ujIj (jj^jj-ii^ll jjK <11 jl (Jc-liCL 
.13 a (jj^j^j-li^JI ^jj^^IIa 3JI jj (Jc-lij (^1^- (Gilch) (JaIjC. (jj^Ja ^»jail (jUaJ .^Lilaj«aVI 




Jdjjill jjl£ (jj» o^jj-i^l ^1J! J^I^j :(4-2) Jidll 


Sj^)^Jl <^.^)^j (JjL^-£}U (JjIb (Jj j|T — Jj^IV 1 J.\nJ Aj3 iS^}^ (_^31l PPX (jj 

JlijjVI 6jl^>^. djL^.jj (2-2) J jd^JI (jjjj .ljurt*i <* jlg.-wa^l A_^,^)J <1 j 4 <JaJ,nt. a!1 

. (Jd3 (Jj£1V 1 (J4j1uia 11 PPX djl jjaj] ( jiaxjl jll 
(jj 4 j 3 (J'\n>MA PPX jbJaad ^-l^jj l5J^- 

CF 3 ^J-aj dll 3 PPX -laLdl (^4jj . Aj3Ldaj (_£^)^.l C_kj\Ja ^)JaJ ^jll L_fijlaji] AjjoiLia 
5_^jILg . ( ^ljll PPX (j-® (_£j^>^«II Ujl j£iJ ^3 L-j^paj i <JjIs a^IjIaII 
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» j , ^ ^11 dl jAaj] jJI ' j‘l J .a a^dj'VI .yjd J^J a jd^-all dl jJL 

Q ZT < *' 

^jdiiJ (Polydispersity) ddij 

PPX til jjaJ jj ij& JtaiiVI j jl^uajVI i> jl ja. till*. jJ : (2 - 2) Jj-iaJI 

36 ’ 18 ^1 iLuia]| 


r g /[°C] 

T ,n /[“C] 

J.lfndl 

420 


- 


106 



51 


137 

32 

Jjja cJjjj] 


5 

Jjia Jjjjjj 

86 

-3 

tjaia Jij jj 


-8 

Jjja Jjiij 


177 

(Jjjjj - tlijj 


136 



89 

JAwjjjla 


u<a!jiil .3.2 

Aj^la^)Il Ajjjiill (j>a4A (C (JaLjJ-21) aH^. S.l^.1 j _jjI£ JaJ^)J 

^jIjj L -) -0 Clal \ ij . Ij^jA ^-A aaA CjIjUJI l 

(JL^.jJ j! Ua£ .AjjUJI PPX CIjI^xliS^j (j-o AjjI^^j AjjLj^)££ 

a-qjIL«JI ^jjai^j ciiljj 


AaSajlSoAil Q-aljiJl .1.3.2 

69 4 ^lllSj -p JAJ £-a E ^3aJ .(j^alj^JI &AA ^}2ax J (3“2) (Jj-l^Jl L 

Ac-j-cl^-a ^xuJa ^)JC. (,_5^ 25 J cJA^Vi lg l*a Alxill 

$. I ^ I ^A (jli J . IjJ^j ClAg -vll (JjlALa Ij^x-saJ . (jjL^)l2! 
.lie. Aj^jl^aJI AaJlx-a]! Axj AjJai^-La ^)^Lj A^j.1j ^3 An jA j . Aj^x-aj CliLa . ja aEI ^jj. 1 
* J 4 L9^. JA J^^ J c J jl^ cJjIs Aij La£ . Aj^Ag Aaj J 150 

.AjjIa a^.jj 130 J) Sjl^)^. CjL^,jj ja.u^ N 
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.3.15j 2.35 (jjj Jjc. ciuljlL jjaLjUII i _ '' & j * ^Iojj 

IjL [2.2] Asu c£il21 . ^21 a2a£ dul_jj 


16 


o 2a ^j-q Laj3 I^jja jjja 


38 N uAjjUl i*d> = (3 - 2) 


jLixaII 


‘LayS'l 


ASTMD1505 

g cm" 3 

1.11 

«im\ 

ASTM D570 

% 

0.1 

4C-Lui 24 ^Lall 

ASTMD1894 


0.25 

iSKSatfl lUI^ 

ASTM D882 

MPa 

2410 

MD Jlil! J** 

ASTM D882 

MPa 

42.1 

]\4D jjJa.^.11 Aic. Juill 4 -ojILo 

ASTM D882 

MPa 

58.6 

Brk MD ^jc. .i&ll jlLo 

ASTM D882 

% 

2.5 

MD Alfr A-lUalmVi 

ASTM D882 

% 

140 

MD j*&\ ^ Ailklu.VI 

ASTM D785 


85 

(R-Scale) Rockwell Jj £ jj * jL& 


°c 

420 

jlg-wajV 1 4.3 -»Vi 

ASTMC351 

Jkg- 1 K" 1 

837 

AjjIo 4^.j^ 20 -lie- 4jc-jj]l 

ASTM Cl 77 

W m" 1 K" 1 

0.13 

4ji*-ajAll 

ASTM D257 

Q 

1.0 xlO 13 

4-cjlLoll 

ASTM D257 

Ocm 

1.4 xlO 17 

4jC-jj]l ‘LajlLoll 

ASTM D 149 

kV mm" 1 

276 



(JaIc- <! j 4 Jjl jjII (jc. (Jijjoj-o (jJaiklc JLj^ (J J. Cl: ul!lj PPX (N (jJjjLj) ^*Wn 

.2_ilL*JI Cj! jj! Jl CjlAlllaJ ^3 1212 a Laa LjJojI ^uai^-iA ^-LijJa 


tLlJjjJa ^)1 i Ajjjoi jJjjUI C1jIj£^)a tAilijaij 4 AaL^. djIs-^Lla 

4.1^-juiilnIl (3^ Aju !^ I (_£ J jJ . Jjllall £ 1 ^21 ^3 CljLajjJajll ^JiLujj ^ JaJ t-o 1 JA j 
.lic.j 4-liA.lWI (J3^2 j (JWi'I A.InjJa dilc.^)^. Aic. . ^ jUI dAuiSI Jj £.1 
^_Jju 2 ^ j ^aj £jJa j ^2Sj .AliSLjaj A j\j x 3^3^ (J^a j-g^. 3-°_j (j Jjj Jc2 L — 1 ilc-^a. 

. ^ (JlVill Jc-Uj JLoaJ 
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diULnlaj .4.2 

•* * 


42 * 

CljlAuiaJ^ 

: LaS 4 _uljj^) 1I t "'' a j;^*’^' 

i Alj J JJ^IV I Cjladilaill . 1 
.4_l2a3l djlajiiaill j .2 

.4 \\ * C-^AJa dlLa^-a J-a2 ^21 e^A ^jAl ^ .ali ^-3 j 


cjtoUaJl .1.4.2 


il qjij-i*i\l j t cdlLij jjfi£iy\ JL^a ^3 AjLa^. 5-^Ua 4‘Ux^aj (JaxILaJ 


CIaLiaAj ^laa.A ^ja£jlj c^ll ^jjJall ^j-o ^ lc ^jjL^jLaII . A.uja.11 

t (J^ xu 11 (JjIajaj (3^^) ^3a 1I pLuixSI .aAjLa A jx j\h Jboixj ^Ull (_£_J^.V1 £^-)a]l 

aAc Cljl^!yUa]l eAA ^.aaj .UjLl<u£ ^ jlLo Ajj Ia£ tA_i3l£]l AjL^aII Ale l_j j3j ^^Jc- <_£ j!i^j 
t AaSL3 ^,ja\1 AjLa^JIj i^jIjaj^' 1 (J3*-^J L&-° tA^lj (3 C5^ 

.AjjjVI j jIJlSI ^pa3^)J Aj^\ * ^JajoJI Aj&\ x^'ill L \x.jJn 3 ) La£ .Ajja^-a 3^3^ 4aL^J 

^^3 . A-i3Ljal £^ylla a1^.^)a \ k >ijl ^jjj V Aj3L«aliil c. \x.j>s-i 

HJjL&l I A^J . (j-aLk Ia_j^-J $.!>Ua JIaxJjaIj ^JajA JjA*j aIL^-II aAA 

• 3^3^ (JjAjaVI e-^-la £a ciil4£j g3^_3^ SjIa £a lAi^. Isl ks^\W ^)3jj A-iiij A.'4 3a ^.jJajj 
t^jjjLaa^M dlle-^UaJ *Ia 11 6_jl^il ^)Jaj\^j £^Ua (j .3 jjlj tAjjl^^Vl b '^ 


43 


pLL j\ L_lUJ. 


AaJIj A1jA*\.aI 1 AIL l.g.AA £.ljJA 


(_£Ajj . 4,19 1^ AjjUaljS (AjLaIjS A j)-nV41 L_J^!lll L_iLaLA^I 

A^Iajoi Aac- Ajujjjoi^-a AjJ jkj ^ ^ ^5^ A.3t.jJa_jA]l AjJuC-Vi 

aajac. 1 3^3aV^ a-i*ac.VI ^aa V o^j . 500nm (j-o JSI ^Lac. 


44 


^Jajuill Aj^jAak A_^,^jAj l_j ^3j]I Ac- 3 ^^ 3^ X - J - 2 *3^^ 3 700 11111 I^Ia^Iaja 
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Cjlf^Ua .1.1. 4.2 


( 4_Jlc. 4-0 jlLo 1 (j-0 4Ai3_J <i2aj 4 aL^ill J^l^.Laui 


( ^9 ^jjj^aLq U-J"^ -n. \\1 ^3 a^jlg.A^all £-o (Jc-liSilj 


jA (JjJaS-oll (jj . ^aUxl jl J^1^.1 _xjia]| (J -dXJjoij . ^al ^ 111 jLoi^jl 

g K*~i\\ A.J-a^’i 1 Vi i>«Vn 42 V ^jlijK^nu I^)Ij [2.2] JAi' -4 (j-o ^ E (j2j^)l2l 
.4li^2 j-<ij ^jj^.lx-0 CjIjj^jj (4-2) ^3 a^j . 180°C Aic. 


^ (JJL*\jLA dlLuSjJ : (4 - 2) 


j jjll i>« % 

JA 1 

1 

90.0 

La-o ttiA 

3.5 

C$ JJAJ-i 0Jj' J 

1.0 

(jLjjl (J>»A-k 

0.5 

(JaaI Jjjljjj 

4.5 

JAia-2 

0.5 

jjU£ *— 

2 ^JJJWK.aH 

90.0 

^.\J*aA t^y^AA 

4.0 

JjfLlc. (JjLjJ 

4.8 

tJjjljjJ-1- JAia-2 

0.5 

oIaII (jjJJJ (J>*A*V 

0.5 

jj] jlLai JAjI 

0.2 

$. uii 

3 (Jj>xaH 

90.0 

^.\JaA ^»L^J Jj ^ 

4.0 

^JA (Jjl*AA 

UJjJ' 

2.0 

J 

2.0 

tJjjUjJ-l- tJjllA-2 

0.5 

iiljjj] (J>»A*V 

0.5 

(JJaI (J^jlfjjl 

1.0 

^ j.^.a,\' jj!ujI£ duj 
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<lJt\ .2.1.42 

^Ij-aVI /tiVll 4_i^. 4_JjVI 
ill AjlflLill AjIIc- jl^-c ^Ljaillj t AjjoiI^juV I AjIIc- jlj-o (Ja«I1xaj Lo-ljc. ^.IjVI ^ 

-lie- (. — fl-jJall ^-^21 ^3 98 ^-1] cJj-aj AjjoiI^juIj AjJaall ^j-lx-a £J-<uj 

6 4joi£Ic- 4.&Ja£ Ic. ^JJ^VI (JLaxJjojVI 1^ i * j\\a^£ I (jl ;4j jLixiil j .^-oJaLill «3j^_$ll 

* # 
4.jJa,a]l Asu cillil . ( ^^_x2alj]l -^J^J^I AIaII ^3 93 ^-11 j^. Ia^j^S AjjjjI^suIj ^!L<n.) 

CIjI^Ixiaj ^Lojj A.jJaa.11 (jl £-o j . dll J)jg Vi II a^A (J!Lq Ajuj^Ic. ajLo \.^."i4 A^-a j I^J-oJ 

. g. J)x^>ll (J.1 x_a£ aJLaxIjuAj A..ilx.ball (J£Lola]I (j-G Ij^C- c^IIjA jl VI 6&^)lj-G-Q 4j^)j^a.1 

AjjjouJI djl^)liJI AH-alVj 4 ^^-11 AiC- ASJ^)J (Jlj^j J) AjJaftll (jAx-o 

^jjoi£ j| ^ilj j 6 j j-li^JI j cClu^All .Luo^jl ^Ij (JaJjj tdAj ^LJI j tl.^^nll 

.AjjjJaxll ^aj).Q^\l j j^).A.)gll c^jj^jjVI J cCljj^jVI 



^VLgVI j l-lx-all AjjjoiaII jIj-g]|j cJad^-All jj'sll ^Ja^jjtlill 4 _juo£I_xJI A_iila]| AjLa^J 
JUJI ^jjDJ . ^ ^j-Q AjLa^. AiLla (JLqjUjujI ■$ tlA^JC. j Aj^Ia^}]! J 

^UVI 4-^.^-q JJj ^jJgj .Aj^x^nll L_fll_i]VI (j-Q A^.^-q ^3 LixJa_jC. IxJ-afLQ (5-2) 

* C5^ Aj^Ji^ill 
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.Ij^x-aJ Alai} Aj^iXLiljJ jl A_l^.L^.j SaLg j-G &ljj ■ 
^x-k-al ^)l_ui£i! AAj^)3 AAIa lj^k-aj aJsIA Aj^lgjIjj jl A_i^L^j SjLg j-G j^S-G ■ 

.Sl^ill j-G 

. JjLx-ajE-U ajjx-G Aj^\ ji'sl AAila ■ 

> Ajoi^L^ 4 Q i l-i ■ 

.A-x^lxll AAlUI (- qWl jJjjLII ^ixul^j j-G Ajl_Aa. AAila ■ 

fj&Sil\ ji Ajjj&aII ljILlL .3. 1.4.2 

£-xAaj ^_5 dnrfk cAjjj^.m' 1 Jj (_£ j^)5Lj-g 1I (J-iauAAll i** \\ jY<fi Jj^l J jju 

# % 

CjUllij i“'' 1 " '' ^ ‘‘' J - 4jjic.| (jS-U .Ajj jfLiijja] 6 

JS - 

j£-GJ . L_J^iiA A.,l.)‘4 ; u fi £. LAlC* j-G U£-Uajl dll -fc Alkali ^Au-a.1 ,^£j^)£-g 1I (JjjuaLill 

l&Aljtjl ^jl jLj . A IjW UH,G jl AJjojIAjoI jl A_j)jlA j^£j jl* tA^lld-G V \ ^ /til L-JJ&1I AdlA jl 

A.fl.Jra *!-Ua AjSjjI ^j<g 11 (j-al^aJI jjjaiaA L. Og.jj . IAj^)5Llg 13 ^1J 6 j-o 

SaLgII . ^ L_J jAaII A. 1 I 2 J All ^ jjlitull ^lc-j dal *\ A*i^-g 1I ^Ic. ^aliaAlj jdL^jljll j-G 

j-G CS - ^* &aL<JI fiAA £-xiajJ » jj^jlunll ^uA_^-gJI AA-g ^x.Aj^a.,1 ^All AlluiLaiVI 

. ^6~2 Alll AAa.lq ^jn-^MI (J^I^-g . A..i»...p.x-a l i L_alA&Y jj^jljmll 


4£>j Jiall CjIjIaII CjIajI .4. 1.4.2 


. I Ax-all j-G Aj-ald AjLg^, A_ix*ili Ajjj J-gju ^All Ax^ j^.gII CAIJaII CIjL^jI ^^1^1 

(AW^AjoiI CAjI Ac. JLg 6Alj)laAll (AI^I^AjoiVI CAIaIac. AjujLg A^.l_^ cilLiA ^)-aj.wa^ll ( ^ic-j 
j£- gj Lg£ .a2Ljj$£ 1I AiUall ciK g*nnl CAIaIac. j c&LlgII iA£-lgAjail CAIaIac- j t^^jcniall jlxll 

jl I^JLa*AjoiI ajlc-j jl ;CAIj^^)-g]I jl cCAL^. ^ 111 ^!>Lx-al c ^ illij jl <A11 a Jj AAldaVI-J 

. l^c-L^, jAail 

j-GjJajjj ^..)jJa jjll aI^.^g . j-ulsx^Q j-G j^^lA p^Ua AAJ^Ja c. <tx-a j AaI 

SaIc. . I Ax-all ^ALg ^ T )-dajJ jxuAaJJj A_AIj 1I ^ jx>> jAll aJ^.^)-gj tjAi^jLill 

. ^ ^!>laJI CAaA jAijlill £_ixAajj 
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< \W\\ \ 2 4 2 

(JaXJjoiJ 4_nia]l Ciil J)jg V^l ^JA AjUallj A^JAyA 

(J-axJ ^a.^L 1.J (5-2) . 4 jLq,:\. 1I dlle-^yUa 

^cJa^l Jjixj .1.2. 4.2 

S^aLIIj l A _jA<Ja3kJ ,^31 4-.i9.i3a ^31 ^)-o_)3! (jj 

57 ’* •* # 

. 4jj^)^j,a\i £j!^a3! CIj' J).)g'>'i ^ jiajoi 4 .jujJuA ^Lol 


/j . , ..n 






^ j j^iaSI JjLuall uLu£j JIajLlluL (jjL jLiSL C5 ILa ja : (6 - 2 ) JiuJl 


;UjLiaj£ (AJjJajiij ^ jU,ii ^^ic. AjISa (jj jjouVI (jS-oi -Isl 

AS^jjawj lIjI^jJaiI ( j^A} . ^JA^aII Jaj^jAi ^3 Ia^aJ^ ^jL^allil 

(_Ja^J sa^a j i A.V i.V'.a ^jja! jaj ^Ja^j ^jl jjU;j<-p j JaLL J)£ - p - oIiaI a£ 

. e_kjUa_j]| 
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djljida-a) CljUajj-o (.“ nnM (_J-AxLaiJ ^j! &1 a ^a^S (j^-^ 

_JjujLia ^jjjLqj ^Ic- ^lill Clil ^..ig-adll ^3 .1 i3a IIa dliLla ^]| (jl . R- (jjJj^jiA (Jja 

dill t (Stents cijKnVi) AjuLaII dLolc-JI JIa j .^^11 ^a 

13 - - * - 

. ~ 4 l-a'W ^11 CLllajjlaill UI.114 (_g^y±- a 


4- 4 ^ 3 ]) til Jj^a^l (ji Cj|f 5Ua : ( 5 - 2 ) <Jj4aJI 


£^l^ft]l 


49,48 

dll ^iax«all jla-o 

4 \ lA 1 **i \ \ 4 \1 jj V*<\1 djl^4£AJ 

52,51 

4j£- Lllaj-a' V 1 dlldaJ^uil 

dll J).Vg-SkJ 

^A_Ujjjl dlldi) ^ddil AjuLgII dlLalc-ill 

55,53 

^ill £-o (J-olxlll dlljjfLa 
'A^U..'q\I dlj jib 


j$\ 


. 2 . 2.42 

^Uij C n/'nl ((jjLLj^-p- j3 J 1 A. llj4J 1 _ s lk« Ls ijii j £cdj JLaaiwI <_£ J?> 

Jjj-co-( Jj4»l JjjSI lWjjjjjJ-N) g4*j 4® u4“ l 5 jd>? '-'j- 1 

• R - (jJ-ljJJ* Qnxjjjgll JoJlLo el jjlll jj^^j ^Uaj ^3 £ jjl -liij .(iiLLj£VI 

Li^j] jJJ <11x9 jl^A £-a A-Ia.u^A c^yliiA C1 )LqIc.^ 11£ 6djlc.^)^ll £jii-aj duaj L$ 

. ^Lx^La Ifij-aj tdji^^Lla lg.*)4.wii (j^L^S-ill C1 jIj£^a (JLaxLoiIj 


AjjUjil cjU^USIj jjJjjaII .5.2 


£±i Lq^aC- . (JLaxJjuj V 1 Aac- L-llixll ^3 ^jjAjl^iSl rf& La] 

^jjfLi ^jjLjIJI q Z. i**nw\l Aic. clJlc- J . Aj^\**sxa d)l j ; ia ; a] jill (JjjJj A-.ixiila.SI d)l jaa jJj-aII 

. J^bIj-aSI ^xiUa]! ^jj-ajaSI jA ^3 xa11 
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^A N Jlisl AjljjI till-iA . (j-c ^ILg JaL^jl £iJ 

jjjK) jA j C (jJjjUll cJjU^VIS jl C . ^jjliSj -p — SI jx<uljj 

<Ai* j*j HT ujiijlJl .(uA^! j£-p- <^-h) iJji D uJjjLJ' -(uMuS-p- 

u^i • [( Jjj (jIjjS- 2‘1- jjjla (i? c.Ijj- 2‘2‘1‘1)( jjJjja-4‘1- jjjla (^Ijj-6‘5‘3‘2)] 

a^jM' c-LojoiVl (7-2) (J ^3 ]ajj cijL2^_*il j 0 u^kiii-2l (6-2) 


UjLaj S jSjIaII ijjLjLJI cj) jjaiIjj ^ic- 4dlal : (6 - 2) 


CjU^.Xg 

^cHLgSI 



Speciality Coating Systems (SCS) 

c uAjUI 


Speciality Coating Systems (SCS) 

D u^jUl 


Speciality Coating Systems (SCS) 

N uAjUI 


Speciality Coating Systems (SCS) 

HT oAjUl 


Para Tech Coating, Inc 



Advanced Surfaces Technology, Inc 



Daisan Kasei Co., Ltd 

jU[2.2] 


Alpha Metals, Inc. 



Solvay 



,ji s Jjl AjjIajII e IauiVI : (7 - 2) Jj-iaJl 


^tULall 

iS jlaall 


Eulexin® 

Schering Corp. 

j_ JJjJjJjUxdl JJ& J J-jV' -'' > -A.. 

Abbott Laboratories Corp. 

Hytrin® 

52, 51 ... .... . £., 

^LnlaJl A- iCjVl ' 


Proscar® 

Merck 

52’ ^ Cjllui otic, ^Ij-i j-ijJaAJ 


ReoPro® 

Eli Lilly and Co. 

Ilb/IIIa JJj^jIc JafLo 


Taxol® 

Bristol-Myers Squibb Co. 

jLiiliV -il >,siA ^).ijJaau 
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uUH .6.2 

cjli jK # uxi\ 1 j .(jli jKu,ill ciAj£^>a ajl^m ^jc. jjj£]| L_ajkj ^ 

c <usi\\ (j£l j . ^ A aIiajoj (Jjc-IAa ClA u-n ^IIa Lg-iS (J^'u^aII -p CIjIj^^aj 

^ yiuiA ^Ic- 4 _iaau 1I jln^l ^ .A n)^\) dj\Aniaj]l ^9 (JLaxIiujV 1 £joi!j 

aILq-ui tillj ^Jalj ^ (jj\y^ -4*1- cSj^ LSy a- 4)-(3)2) ajV^'I 
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(oAAA oA jVi) 


<s3tL<JI AialjfLall dl jjjJjJI e_L-a Jl (PPV) ( .jAd” jjjlma-p) ^ dn 

A # 

^Lu&l j^)ju ^ iurt\l .IgjS jUj -^c- £ ^ j-<J! fiAA jAkA\ .LjLj^S 

.AjjjJaxJI JSI L_ flL-ajl (JL^-a C5^ 

* * 

^Ic- Ig.xJax^Q ^jc* C^J (j-° AlJxll dlJXttj 

oJA ^llLu^al (Jj-o i4jjLlAj£]l L_ljl j-^'l i." jljjl lilliA i jjSJ j iAjjUjjill L_ljl_jiJI 

. ^ dll j'.a jl^jll JaLajVl 

lc.1 _pl PPV 1 . '’'1 7 ~ JJ Ad Jt Jadll ijM <aal j^LaJI dl _jJI <]jlc. ^1 

‘(uAAA J^-p)t^J^J ‘(aM£j uA^A-p) lJjjj ‘( uA“^- JAU£^)cA*( Ja* 
“dJI (1 — 3) jLj ( dyjj^ JjjoiSa ^Uj- 9‘9) 4 ( <jj2 jjj Jj^uSa -3) Jjjj 

. dljJxJ_j2l oA^J 4j.ailL.ilV 1 

.1.3 

. (2-3) (JSdll ^3 Igdajddj tPPV dl j^ij <dla (1-3) (JjAaJI Ad 


( (j jljljfr u jbu^ -p) cr^Ji yA Ailjjj^jd! : (1 - 3) JjAaJI 


ClA h^^La 



(jjjA-( Jjld JJ_A^ (jiLii)- 1 _>iU-4‘l 

JfrliS l_u1Luj 1 o-lxJ 

uA_A-p- j*j ji cs jLi-a‘a 

^ \jjIxoj£ S^ioS/l ^dJajJ 
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( -p) <^J} 


~£rv. 

( Oik*? -p) 



C6H13 


( 3)^Jjj 

71 .Ja^lll qa 4l3l jla 



( ja -p) ^ jj 



( oMh' o4p* -p) yr^ 


^6^13 .C6H13 

pc^ 

( ud ^I jj-9‘9)<_sJ jj 

il jjAiljj :(l-3) 



ijj jij -( (J^P 1 (jJ^i )- -4‘ 1 tjjlj j£ -p- -Ct‘(X 



tjlij Kj .J jIj [2.2] jjj& ^jl±i-9‘l 


( jjiilia ^jjlj ij^-p) (j-Ijj uk ^Luiluut dil jiajI^a : (2 - 3) JiuiSI 


SjaIJI .2.3 

Vjl ^ 1 U H \ 11a £-0 6^)xuIjL 0 (J-oljtllll ^)JC. ^jl£ Ua] 

t * * 

(S fi^A ^3 . AjjalC.| 6 ^lilxk-a! 

i 

£-a PPV } iS^- 1 o^j A^Jlx-o ^3 ^Jc- 

JAjI - / 2)-5- ^^j^jIj-q-2) J « ajjjJ^c. cAjj^lo aJLIS (JjI^j 

.^jjUsil ^1 jiVl »jA jJ (MEH-PPV) ( c>^4 oAhj2-4‘1-( 
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(i udl3£ j i. j'.a } \ ^-lll jy ■< <' 1 4£. j; V'. ^ Jjjl ^Ld c (..-a j 

: ^ 4 L>,1 j' ^ »jlL\l 

t((Wessling) jo^) ls -*jD=> • 

cClilaiiil «)liH AJaLLallj S^aLll • 
tUijLixij£ jj • 

tiV'l a j*);ll • 

‘((Gilch) (j'jjljc. Jc-Uj) j\\jb jj-li^JI <11 jj i a jxLll • 

cCjliix. <11 jla jjLH Jlilil jja*** • 

• <li jjjVI a • 

djLa.LiJa.AH (J^.1 (.j -0 • (J.u^qMLj L^jlJlj dj^lnlijll ad& ^Jal^xlLujIj A^a^Iaa dj^^. -Hal 
JaAiH ^ja AaIj Aa^^aII djl ^jjaaI^aH CJ 1 (Jja djLljj^jj£]V^ cJ^- 

jjJal] a^)-L-aA]l djl J)jg y')\\ $.13 ^ali^-jl ^jC- AJ jjjjoia SJjJxll (jj ^J • 71 

* (L5 JuIia (jjjia .1.2.3 

jj_jl£ ^llj )- (JJJJ -4 ‘ 1 cJc-lij PPV JJ-<ul_j4l <JAiliill j <Ajl^p.l (jAjJaJJ 
V-iJ • (3-3) lK-^ 11 jJijl c^jJjVl <li.j-all ^ (jjajjjjjAi* (^c-Lj dyJpJ-( JA^° 

(_£ jj^s_pjxll ^Lall aj-aij ^ <jjj^)j£ djLSj-o (JLaxi-ul (jjSjJJjjAiA ^.'uj (j^s 

^gjtjllall jjajI^JI j_ s iy .<J_jli aJsLa <il_Jal_lj <J cLi dlLx.jJ 5 ^ 0 (j-a a jl ja. 

Dialysis <jjLixll 4 <a . \\ > <iiijj lilli ^xj <- Jil ^ ^ 1 liLla tilllij <}lc. J^xxj ^ill 

jxajl^jill ^jJc. (_5^xJ cljjil j .4_JxiiJuill tty >11 Ji jjVl Aili i_d jJJ! <11 jV 

100 ^Ic- aILLi^^. u^3j ^j^Aj . wnllj ^jl^_j]l 

^}2al.ar\.‘il ^Jj 1 A_i11j ^^jjaj] Ja j * >i ^11 ^j! 

^jxllaxillj ^ Hall ^1 t^-ol^^ll ^'Hl tl^llLa t^xjllall ^jll ^ ' ■ -* } 

<iAtl jjjSil (Langmuir-Blodgett) ClxJjL- ciiLijil: jl 4 (Dip-coating) 
l^yi LS^J LS^" cs^ ^^1 tjlxdll .<Laj 


(Precursor) ls j Ij J ,^*jU= * 
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jjK 2Jjj 1_SJ^ .<C.Lui 12 (_$±A ( _gic- 4-a. j J 300 ^gj) 180 

•uA^JJ^P 1 gr^WjJ 




( U jbl^ -P) Lf^Ji : (3-3) Jiifl 


jlJ k_ajlAa jW 4AaI^. PPV } A_i*_il]a Cjl^Lodl^J .lal 

^Aj & Aa Ajjj-gJjJI jJJjj.liA ^ Aj.ijIa j 

L_kjUaj i AW a ^j^aj (Jjj)VAl IAa Axj . ^ ^ij^iLuAI JjJ^)Aa aJojujI PPV 

. AiAA]l j\ jl L_kjUaj (Jaa A j\,Via\I 


A-aIIUjVI (jjUlaIIj ^\W ^IaA jjlHil Sjjjjiuj .2.2.3 

^Ac< k_Jjjl£All S^aL PPV ^Aj (Jjj-ajl! 

Jjjjoi t _ 5 AjL3 .<3 j^x_a ClL>lc.lij &AC. ciSLlAj ,4_Jl£ijVI ^jAI*_a!Ij L-ALx-alxAl UJ^' 

j-ijj ^Uj I “ '' q"' 2i ^ £-q tJj'jS ^Lj ^ km-j ^jJ.lYl2l illl jk^.A (JLaxAiaiU ; Jllall 

(Suzuki) (jjlSj _jA t_s^j -PPV CiIsajoix sjjoiL ia (jjj±) 

jJjj^a^i] j j't .-a £-o (jJJjl ,_gjLjj-2‘lj (_gjljJ (Jj jl -4 ‘ 1 jJaLa^.1 

•PPV J] 
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cJii jjc. Jc. ojjujL aa LiL*a.tk Vjj cCjIjja (J l.\n**il l_l^j 

CjI u^aII J <LUj Cl)l ^ jaxuI^j Jc. (J-oJ c (J jI (JLmlLjAj 

. (J^jIIiiaII j t(DMP) .IiaI (Jjua Jl£-N‘N jl 6 ^a_j ji (JI a tAjuLaill 

. JJ-J jJI (JA IaIaJ cCljlj)A^»A lg.t4.waj ^UaxILoIaII cAllllijjVI ^jJI*-a1I <11 J (JaJ V 


^CJL1a] 1 <A.l^. (JA^J J*l;j (J^Lola 




•LS^U^' 


.3.2.3 

Clil jjaJ jJI ^lilawal J Vf\\ Jaj^ J X >> Jj CjIIaSj ^_pal jJtlLail i£ ^ 

1.1^. o.I)4a jl <£jjall d^J (Jaj • ^ <■** llj pV 1 71 iaxull jA Al^l JaII 

Jjjtj .<jjC«^)a]1 jLxjVIj (JI^joiVIj 6(J^LiJ^U AIjIHI PPV Clal^)jAj\^j jA £_xjj!j jjj 
Jais CjjI£ jj^JI tilli J 1994 ^Ic- J] ajjxj Jl^JI 11 a Jj A..n.Q.lSl 6 1 a 

(Jaj i < 414rt.il • UjLiajS ojik^t £JjJajJ <£JjlaJ UjL^J £Jj-aJ ( jjilL j£ -p ) Clll jj^u] jj 

JLmIjL UjjLixj£ 0 jijYI ‘-"''j' 1 ^'.' PPV Cjl jJ^uljJ ^C. (J 1 . >■ jl 

jtij Ku . l t jl jJjjS-p- >«jjj ^liu-a'a jt <jjjjj-( J24* jjj ^ ^jlii)- < jjuj-4‘1 

.jjk.lt 

^3 - V . .: j ^Jajai ^Ac. jli jKi^il jL [2.2] jjjIS ^jIjj-9 6 1 y 

^gk A. V >aj. ojjjAoJI .PPV ^glfr (2-aajl Jjja. jjJU^ll jjl£ . <3.',^. jjij Vj'Jilt 4 t-. j^ll 

. (4-3) JLilt 



jL [2.2] jjjAS ^Lu-9‘1— 2 llSljojS S I jj^ajj :(4-3) JS2AI 
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All Aaj^jjall £_£jLolg 100 Jj 10 A^^JJ AjjaC-I ^j'uA'i ^Jaj 

-4 6 1 (JIaxJjaI C1)Ij£^)a ( JI A-l jg xti\l ^ja (jj 

JJJ^ J^)" 

cllljj 6 A£jJjuIA CjIjAaJjJ ^tijj ttL-j£ £_ijJa jJ A-iLgC- tcilli J) AiLjaJ 

^jaj . Jllll l— SlljJ (j^AJ AiijJa]l a.4£J . Lxa <jl ^3 ^jj^ja^Ija £_AjJajJ Aic- 

4jjjx^jjx 44 j1xix till jXx4 jj jj^-v"' (jlSxVlj 4il CllUjI l_£ J?- 4^3 t(_£^pJ 4 J^' j 

4 ^j^xj 1.}4 Aj .ajI^j^Al J aj^)wi £Jjjj *4c- 4lijj t.l^lj ^jJx^jjx (J.)X 144-Iajl <4i4x 

(jljjt -2 ‘ 1 - (jjima -4 ‘ 1 j jJjlis (jjlms -4 ‘ 1 dil .1^. j 2>-o 441 jx A£ jiixx CjI ^4x4 _jj ^^Ac. 

iijij'i! £4ixajJ 4 U,,'l J ' (Jj^Ij( (Jj!n ^ ^..... 4 y'r .x )-p ^jx U£>lAajl (Jjj (_£G 

. ^ UjLjxjS 

cjUKIA ^jliAl ^UaAL $ j*L1\ .4.2.3 


-5‘2-tjSjt [2.2.2] jKxxjj (jjj (jx 4^aVI j* (Grubbs) ^(jxjjc. J4 .4] 

(. " A ala. 1] 4 ax\ 41 AMjxlll 0^x141 4Ll^)IaJ i PPV j4x4 j4 ^Jt-Ala jXaA jj ^Jj JxJXxx41 ^jjjl J 

4-4'Jx ji^x ^likixlj <41 jj (Ring Opening Metathesis Polymerization : ROMP) 

jl cAj^xg Aa^p 280 Aic. (J-gL^. ^a ^3 LiJaC. ^t-iUall ^j<g)\ ^ 21 ^ u«o) . ip uI^aII A-aLaI 

. Aj^Ia Aa^p 200 AiC. (_j4-g1 (_]jj£jI 4^a^j 

J^all SjLg£ l^_i3 (J^iLauJI qM jllJI Clllj^^JA (JLaXJjaI lla^ iSj^ 

aJVI (5-3) ^ PPV Jc- J^-a^ll ciilalal] Aajlil! aJbLLgIIj S^aL a_2axJ 

jjaJ J l iCjULJI A^jlill aJsLiaIIj S^)-g121j J .AJaLu-G 

• iS J 

.CliUl^il Aa^Ull aIbLIaIIj ojaLIIj (ADMET) A aJ^LLg Ajjl^a.1 -iaJjjJ 

V *u^V^ S^aLI! ^UjI « (_j Ajjjai-G ^3^ cJA^ 9 c^^ _ P ^a2I ^lg^j^a Ija 

. Ajq'^^Ul jjjl^ aI^LLg A^j^)laj AjJaiaA-G CIiI^jjaJ^j V] 

f 

o^aL ^ja!i .cIi^IsLIaII (Grignard) aI^LIaj o^aLII Aij^la ^yWi 

cJaxaII MEH-PPV pLllaj-ai (_j^aj .Ala. aLuaIuj A jAJJ AjJiLj aJ^jlLuiaII jJJ C1iIj£^)a 


122 



13 

a 3 a (6-3) (Jjjj . jjLijjjc. 


<- Ajuj1^£ £-g ^gJtjUa Is^Uajl ^nllj 

.A^lj^l 




S ^ .5.2.3 

<JjLlxU^^)^]l (J1 Vlll Jjjl^}Ia qx&u 

£-g dll aJU. AjjojLia d u*n\ AJLi^JaII ©3a .^^lill AjljoiI j (Jjld (Jldjj 

©^aLu PPV A-lLlC. JolulA L_1 ^Loilj (7“3) jLlfl (j^ .Ifr&L^jl (Jg will 

• 14 

V t . nl-n ^3 (Jc-liill I_gj^jj iLo J. aC. . (jUlLa ^Uj j\5 ^..'“'J. 1 Jtlij]l iSj^. 

QAma-4‘1 - ( _ s -u£j1lo ^ljii-5‘2 ) ^ja j j - dVil o^J -DMF Jla i(Aprotic) 

^ Ale. lIuIj _jl2i £-o olj}^-a JJC. (jsi (JLa*dul i JiLaj^U (JjlS ( Jjj'j V a 

.^Li DMF (Jj A .0j i (j^aU^ajll 

Jl ^jj j! -( (JjOLa jlU)- ,_>iUJ-4‘l dll liljliLall (Jjldll 

AAjlij 1 dljlla^ ^JaxJ . ^ 4_ljl ASj^i do dl^J-tul yl 

.»UL J5UJ5U 
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OCH 3 



^ ^ jjUjjjc 5JaLL»j » : (6 - 3) JiuJI 



4jjLj^£ 1! s j^iLiL ( jj'j ‘j° jj'j ' a -p ) e ! \Uisi\ : (7 - 3) 
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JaJi Jkjj jij ( fiUM b Sj^L .6.2.3 

£a tilJUajjll <■ VlK'l ^3^-j ^JS ji Jja 3 c ViKMIj S^aLII 

^ 1 \ V\ k Sl\ ^j^AJ (jbiil (jJ3JA^j^A (J-OJtJjalj ljjV_5 . (jjJ>ij-( (Jj UA ^jljjal)- (JAiJ L_l£^)-Q 
^LilaA^Vl (J^jl (jfl 3J (3^ j c_fljl^j]lj ojaLII ^jjj . LaLaj AjjLiIa A_nj dll j PPV dal jjaJ 
3g-Jn.j . ^J^yntiA ^jaUJ^l! aLoiLoiII ^3 <icA x>»a11 33^ ^1^3-<A l_JjojL1a]I 

^3 ^jjUA ^ 1 * 1 1*1 >. .O V 1 . ^ (Jlc. (Jjllj JaLalj ^ji-luJ 3 A 3 J (J3xa]I PPV 3 J Ajl^J 

. ^ (Wittig) (Jc.li!L PPV (J^j^ ( 3 ^^ 4(JjLoa c-jjLJjj • (8-3) (JS-uAI 




(jiL^ <>Uj . 7 . 2.3 

L>° ^pajli £a 3J3L ( JAia cJ^ 3^)- 3 jJ ^ (.“iUV^a <- q n£j 33^-j i 3 uljc. Jc-Uj 

tiilA 3^^ .PPV ^Ac* (J^l^A^AI ^jJjoAj^II CjV jr*k£ (Jjj^J- CIJ3J (JA 6 l 53^ ^JjjLal! 

©3a1j ^3 Ig-Ac. ^1 iAY\\ (JjIaa 3^-j cA_Jj1a 3jK 3A3 jA ^Jt-ilia jiaAj! 

PPV 63juj\jla jllill 3 jaj]^]I IAa ^ ( 4 - 3 ) cJ^joAI 3^1 

^jjjLuiV 1 3^j 1 Aj ^gjt-AJall 3jaj\^a11 (J3C. 3^-^j l5 3^-1 3A j . ^jjjLoiV 1 3-ajli j 3^3^ 

. LiJajli 

S S - ( * c 

£-1a1 (JaxJjoij L)3§ LoiLoal 3I j tAu-saL^. A_jJ^jLai A-iil (Jc-lidll 3I 3 ^a3j3I ^3 

-V 9 JLXA.il (JA (Jj tAj-^LaAl AA 3 VI ^ 3 ^. 9 a ^C-Jj V AAjJ 3 ^a 1 I 0 jtiill 3^1* J 3^] J 663ALAI (Jc.l_ 9 J 
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Lo . (Jc-lidll e-\ JJ i__sSj iAljljjl jjii. (jjNn tAjjii. (jl 

jjJ i_g '^ JJ (JavuSjI -N- JjOLa ^Uj-6‘6‘2‘2 (jl l_sL2u£I _jA Ajj-lall AjIVI 

. 18 (Scavenger) il-a 


42! Jb jjloll Jl&u! .8.2.3 


j c22l ^ "* ^ ^221 ^_]2 j (Jc.li!ij MEH-PPV ^ '* >-< ■ N 

( ^^g-uaS jl Jjjuj£a cJjjjI -' 2 )- 5 - c _ 5 Joi£jlbQ-2-( cJA^ jjji^)- (jjJbJ-4 4 ! jp* (JjLaJ! 
I AlL-aJ (THF) (jl JJ-liA 


L>* 


o^)J* 


liLu 


jj-o AJaLaUJ 




•(9-3) 


lMI ( ^9 ^Ul , 


^ /\ < . AjLix^a <*ji*Ay ^ \ < < i‘" ^ ^ ^ ^ ^ 10 (_5^l o 

MEH-PPV (j-o A^^JJjoUI ^-lilaj.-al A^bLaui Ajjl^)^ijj . Lbal A-i.Ua 

•ilttj THF ^ Vj (jjjl Jill PNV JaJj V . 20 (PNV)( oA^ u2bii-5‘l) J jjj 

^yi (Jj£ Jj ■ ■ A!lF2jai ^ya A, ;l V'l^ A-a^xia AbjL^. (Jjoj^Lb i t \'“\' 

.iiljl2«2! jjaJ _j2I aMS 1-<.M PNV MEH-PPV j^sJ ^ 
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s>^l .9.2.3 


Cljl^JAdl^J ^JaxJ Iaa CjI ^Ja^JjaII (_£^ (JaLujI AiLjaj ^jjdliC- (Jc»lij ^3 

(Ja AlilJa jjJ Ha MEH-PPV ^C- J jA^aaJI (J^aj . J1& (jjj dlli 

I^A .A^LjaVl L_ljj^)J ^ja^C- Jju c^jjJ ^ j^IaII cJ_A^ ^AA^jJJA-p L$-^ 

^JOl^jllA-p ^JA QjJj^ll .(JaLojVI J) <— fll ^IA^JjaII (jl 

. ^ jJjoAj -1i*a£ J j Jj- Cjjj AiLjaL (J ^li3 

A-LxujI ( jjJj^iU ^\a\£ lc.^J (Jj^l ^jaj£jliA-p ^ pK a AjJa^AaJl CIijIj 

55 J 1 

Jj3 (JA ^^-L^jaK JAJ (JA L^jIa jLoajVi (jl ^jas! ^ ,jAjuAj jaII .^u^ja^j- Cj Ji 

•^■j . ^j±a jA^aII ^ja^^Ia _j^ . liA <11 j] j}A ^jji^A -laJ-ujj ^jllliA ^aIaa j; ^Ic. -\^^J)\.^11 


21 1 


A »>»qViA Aj^jaaaI Ajaaaua ^»a 3 Clil i C!aI jaaa] ^, 3axi Ja j^aII aAA CIl^j S^aLII q \ 


ejluxo djl ^jaaaI^J j c ^) jJra<y 1 o^j-lx-aA CjI^jajI^J ^IajI S^jj^JjoiII (j^AA 

(JaA^jI (Jj ljA ^jljj -2) ^5^ (Jj-G 6 A-j^l^C- CjI _JJA^j JA (JIaXJjoiIj till j J w ^)A^.V 1 £ J-kJall 

_jjaj\ ^a! 1 j d^ix-aA Is- ^-ia ^)Ax-aJ (^^11 (DMOS-PPV) (j-il-Lu'a jjAljAA3-( (Jjljm 

A.i1a£> <^)Jjoia CIjI^jajI ^Lllaj-al e-jjJall ^jAx-aJ IVIEH-PPV 

• 1.5 (j-G JSI Aa^AaaIjJ AjAAjaA (JaIj Clllj Clj|jl^.ljJ L-lSlxIill 

djI^JAdljJ ^ic. AdjAjVl o^aIaII <Jajail^J ^j^AJ cdilj <3Ljaj 

CIjI jaaa! jl c A.ja Vi aJaIaIa CIjI jaaa ! jl jl cl ^Tn^lj jl c A-i^lxlll Jj£ 1I A_ijUj A^jjjaa 
£_£ jl^l! ^ x ^>’i . A.4.)Ja ^11 Ajj^Ij j\ AjSjJa ^1! A_ij\jj (JLaxjjoiIj ciilj j cA-nSlsu A^^Jjaa 

. (J jjjjai^ic . j cA cJ-° a_luj\_1a1I 


(Jfu* t-» .10.2.3 

c_kx<£aj Ssls c^-all^JI PPV A_^J1 _xa j\ (Jjiuaij c > \* i>^nll ^ja IaI 

£Jajj ciilj ^-ajj-aaJl A-^.j ^ic-j cAjc- aJjjlaII jl Aj A..la li^aII CIjI^jajI^II ^ja ^^Ha 

.^-1 (2-3) .A_njl^ll ^a^)11 
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(Jjjj-g ^jIjj-N 6 N)-2) IajA^jj t jii^l A-iS (JajjjoiaSI PPV SI £ix^a 

Ale. ^a jjA jj>-aSI CjI^Lq £-g ^a jJJ jiLu i (jjlj^Sl ^S^t- ^-Lo (Jc-lflUJ ( ^j-llma (jjlj n°l ( 
^aSI c^a^il^iSjai QiWsll ^.aK jA ^.x)U-a ^ ^Jl 

. ^ (JajjjuiaSI PPV ^-Sc> (J ^.wrarxSl A n^s x >n ciilA Axj 


(culllft culiU^-P lIjIc- jjj :(2-3) Jj.iaJ 



jL-a!iA.VI 

26 

( (jjLia (jjluja ( ji^ol J^Sa -N- -N) -5‘2) ^2 jp 

BAMH-PPV 

27 

*- ix2jjll PPV j-^3 ^ 

BB-PPV 

28 

( jji .uia jjima-4‘1 jS) (_vuj- 5‘2) Jjt 1 

BCHA-PPV 

29 

IjjSJ (2.2.14) jK.u^.LoSji ^US-15‘2) 

(0^0^1-19*17-^ cs jj-17‘(20)16‘(19)1- 

BDA-PPV 

30 

(jjluja-4‘l( jjjjSjI JjjSjI J2A“ t pLjj-'7‘ , 3) o^ _ 5‘2) Jjj 

( uMp 

BDMO-PPV 

31 

( (jjluja (jj'j'irt-4‘ 1( J j 1 j * •' (JjjS jl JAi^ ^Lij) t_W^~5‘2) 

BDMOS-PPV 

32 

J^iia ^-o PPV 

BDMP-PPV 

32 

J^ilS £-0 PPV 

BDP-PPV 

33 

( (jJjija (jjluj3-4‘l- (_yj^ jjlluul jS - -5‘2- 

BeCHA-PPV 

34 

( (jjljui jjV^-4‘l( Jjj* J2“] -'2) i_y&-5‘2) Jjj 

BEH-PPV 

35 

(jjiiiia -4 ‘ 1 ( LS -^ jhu* cW^-5‘2) 

( oMp 

BTEM-PPV 

b 36 

( (jjLiu jALjja-4‘l( J>2 \a Jau! -'2)-5- <JAjj-2) Jjj 

BuEH-PPV 

37 

( (jJjia (jiLijja-4‘l-( ^uiSjjSjI )- (_>jaj-5‘2) 

C8-PPV 

38 

^Ijj £X PPV 

CN -Si-Carb-PP V 

38 

jJAljol ^Uj PPV 

CN-Si-Ph-PPV 

39 

( jjlujs jjkua -4‘1- ( _ s 2lu-5‘2) (Jjj 

CH30-PPV 

b 40 

JAUuM £-0 PPV 

CN-PPV 

b 

-4‘1( O^A JAJ -2)-5-( JJ -9 - J jjUjlS)-2] J ijj 

^ ^j'1'’u'a /j <\ <*< 

CzEH-PPV 


. c"i.wl 
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(culilft culiU^-P Ljlg- jjj :(2-3) Jj2a2l 

a £^J^' 



41 

^li-5‘5- jjsjjj jjjj ^ljj-8‘2) Jjj 
( jjjlujS (jjlijja -4‘ 1-alt 

DD-PPV 

42 

( jjluja jJjjja-4 1 1- jIlc ^Lu-5‘2) JjJ 

Dimethoxy-PPV 

43 

( (jj'jn'i jJjiia-4‘ 1- (jj-uS jIlc ts jlu-5‘2) (Jjj 

DMeO-PPV 

44 

( (jjljni (jjlma -p- j cJ^jl 222^ -2) ^2 jp 

DMOS-PPV 

45 

( jjWni (jjima-4‘1- jiui (jjlu-5‘2) 

DOO-PPV 

46 

( (jjLla( J'uiim^jiia-4) (jjlii-2‘1- (jjLuja-4‘1) Jjj 

DPOP-PPV 

47 

JiSjl 22*4“ ( _ s jUj-7i , 3)-4- (Jjjji-3- 24*42-2) Jjj 

( jjluja j2 ; ma-4‘l-( 

DPO-PPV 

48 

(jjkiia (jJius 24*42 ^lu-3‘2) Jjj 

DP-PPV 

49 

( (jjluja ( 24*42 j 4* Jjija-4) ^121-2*1- 

DPSP-PPV 

50 

( ^.diua jAmi -4‘ 1 - jjI* jil JiJ J4 Ljjt-ii -5*2) (JjJ 

DPS-PPV 

51 

TjaLluVI 4j 3 2 -44^-o PPV 

EO-PPV 

52 

(jjLjjlu] -2*1 (jjluj3-4‘l ^12* (jLuiSA -6*1) ^g-ij** 

( (jjLjja-4‘1 (jjlmijl -2‘l-( j.jljii -4il jjUjj ^Uj -5*2)- 

HCN-PPV 

53 

( 24 * 42 )-4)-10)) -5- -2) JjhJ 

( QiLjjS (jjljj-ia -4 * 1 -( ( 2^4 

HPA-10-PPV 

54 

tjjLld -5*2- 244 ) 2.:-^ j3£^m -4- j^La - 1 ) ^2 jp 

( 04^ 

MCHE-PPV 

55 

-4*l-( 2i£ji 2A^“ LS 4ljj-'7‘ , 3)-5- (jjjS^ua-2) 

^ '1 <0 <\ < < <a> 

MDMO-PPV 

b 

(jjhjjs -4*l-( 24^ 222) -'2)-5- ^j^jiLa-2) jp 

( 24^ 

MEH-PPV 

56 

2142242 -4* l-( ^*Sjl 2>22h 222) -'2)-5- jIlc-2) ljJjj 

( j2.l'l : . 3 (jji2j2-4‘l- (jjLu-5‘2- j2j.lia 

M3EH-PPV 

57 

2jb\ft~4‘l-( ^jjuiSjI 24 - 4 'jSA 222) -n)-5- jiu>-2) Jjj 

( 24124 s 

MH-PPV 

58 

( tjaLjjS tjjli.ufl-4*!- iJjjjj-5- ^JhA-2) Jjj 

MN-PPV 
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(.“vwl 

.(j-aill La Uilc- ^ 





(uAlft (jA*A"P ljI£- jjj : (2 - 3 ) Jj. 1^21 



JAAiljllI 

jU-salkVl 

59 

( jjluja (jjLua-4‘1- (_5-uiS jjia Jliii-5‘2) 

MO-PPV 

60 

( (jjiiia Jiiia Jliii tjjima-S'l) 

m-PPV-DP 

50 

( jjjSjlu jjluia-4‘l-( ^iSjjjjjj^-5- ^jjSjjj^-2)) ljJjj 

MPS-PPV 

61 

( (jj'jn'i jJjjja-4‘1- (jj-aS jiil J£&-5- jua-2) 

MTEO-PPV 

62 

-4‘P ( ^ s -u^jlia-5-( cJaaia ( ^jL^-'7 t '3)-2) 

^ \ \ <0 

OC1C10-PPV 

63 

( tjJjjia jjJjli-4‘1- ^gjuiSjl JjiSjl Jlii-5‘2) Jjt 1 

OO-PPV 

64 

( (jJjii -'4‘4- JjI jjljjUuSjt -4‘3‘1- jjEiis (jilu-5‘2) Jjj 

O-PPV 

65 

-( ijUjLaSjl -4*3‘1- JjIjs (j4j^-4jjj-4)-5)-4)-2) ) Jjj 
( (jJjjja t j34^ - 4‘l-( ^ iSjl Jjy -2)-5-( 

OxdEH-PPV 

66 

j;lLlll3-4‘l-( ^aSjlla (jjaiS^lLa-2) 

( Oi^ 

PEO-PPV 

66 

ts^J^ yr^iu 1 cs^“ )-5-( j4ijj-n)-2) 

( jjLia jalilia -4‘l-( 

PEO-OC9-PPV 

67 

( tjiluia (jjlma-4‘1- _jji-2) Jjj 

PO-PPV 

68 

/j < \ i *< <0 <\ <*< <$\ /j i\ i < <**< <1- /j <\ Pi iQ «A *< \ "v l ** <1 ^j i .<\ i\ ^ \ 

PPE-PPV 

13 

JA] -'2)-5- jliA -2-(( e^mS- cif$) - l>^ - '4 4 '1)) 

( (jAmS (jaLma -4‘ 1 ji 

PTVMEH-PPV 

69 

( (jAmS (jjlil}a-4‘l- ^gjlii-5‘2) 

RO-PPV 

70 

-4‘1- JAh 1 -’4-2) (AjJ 

^ l\ 1*1 <0 l \ 1*1 \0t 

SiPhOPPV 


i“ i.wl 


. (j-aill .<jjij.1i La LJlc. 


JiMj-1‘1‘1 Jo tjjJ^ “^S^jl 0 4 jin a. (JjlsJI PPV ^liLu^al (j^-aj 

^Uj-(Jjj iji ^\-2‘l- ^\^-QA±i^-py4‘4 j JAl« yr^j' J^jj-p)- 


L-lsuaLill yjjlill PPV^ ^)Jaj\^J 1. iJ-ia^VI AiL^la (10-3) Lull ^ yjjjjS 

* 

. (J^I^1a]| ^IA^J^aII y)A L 'P' ^jJaLuiulVt t-A-liC- 
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j Jl&iil j t tJj» uH 11 “ULlSj Sjla. ^ M ^ u.j.ji 1I “Lillil! dil jj-oJ _ jJI 

.Lille, lalUj • Ajtij j-o 




ijjjjj -2 ‘1 - ^jUj-^)jljn^-p)-'4‘4 Ly (Jjlall PPV \hts>\ : (10 - 3) Jiutll 

23 e , , 

uWjj^-( JAh t5^j' J^jj-p)- ‘1 ‘1 j Ji! cs J 
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u-ljSJ! .3.3 


.1.3.3 

^ ^ cJl j . j ^ » VI . . -> ^ ^ic. ^ V' N PPV il ^jl 

4lnjL^]| ^aj^lxuil djlj AjliLawj .(JSjoiII 12k -=0 ^-LiLu^a^H (j-G <jic- 1 

. aIAI Will 


&Jj*S\ .2.3.3 


. 4j <si*iall ^ J^j I till i^ya ^Ac-i lj jl 1 J.l ■ A PPV 

^j-q AialjVAl cjl A (_jjl^aAI ^jjAJjII 'i j\ (3-3) 

500 Vc- ^-IaJ PPV -lie. jjAJjII AjIaj jjl (_>“Lp^ ^)£-]aJ • it 

• Jj L_ljl^J £-0 lift (jAljJJJ .Ajjlo 

600 500 (J>q JLa_«Al ^ -ot (jlS^At ^ <Jj£]I AAaljJ-a^ll (_>uL}3 (_s-^jj 

j' uiAp}' 6jLa^ ^^ic. <_£ jI^J <A^ JjA-dll gjl jj (3^iaJJ AjjIg 


A jV'l^ 4^^!Laui dll ^)J a LS^ uA cdljill JIMj AjA' S J^UI JU*loL 

.(PMMA) (di^Lj^lli^ JAiAA jj Jj£ j PPV c-iaUdll 

. ^ PMMA J£ (Jldjlj (j-^]ldJl PPV dilididj <j^)ILg 1 1 n^i Vi (_^^)1^>^1 A 

.ajjIa 200 A^ dc. ejfti (^A,>A^ jjAdll (jl 

UaI . dual^c. J] PPV Cft^i. AA* A-j*^ 800 A 0 "^A *^ c - 

I A^ A A* 0 ‘A'A 3000 dc. IjjI^)^. Jl^Jl PPV -A AAd#^ j-<Jl 

c 1 0 5 S cm i Ia A dL* 4_iL-a ^A) J A1 cft^ ) du^^ll -ii^^A ciilliij 1 dc. j . .idllj 
j±uiij . dnalA-^ j> 'sjj- jkJi <k. Ail A^ t> “ j idk (jjj ajA ^-gIi eft^j 

PPV jxAj2 1700 A^ cJA^ W 3 ‘ c^A k ' 

lA^j *0.26 10 3 Sem 1 IaA*^ -0 A] aILcLg diAj^jl ^jj 

ij*\ ( u.3j\rj u.AA-A 1) A jj l>° 'A 0 duaiA-^ AA^a j-^i 

. 0.80 1 0 3 Sem -1 
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.3.3.3 

ClAa.nlaJ.U AaIULg 71 iaxull qa A^al jj-q Ajlu PPV Jg-la.1 (jl clj^Iaj 

^ j-q A_mll £_ia2J <xjjouJI L-IjaxJIA .AaIaxJI ^j-q tilli V U^J 

^jC- Ljajc. 4 S^jLuiSJ 4-I^.lj J • (jjSijSJI J jla ^ U^J 6 71 JaxuSI 

£AJ (jl Cjl W *1 i\ 1 S^^aL^-a .4 W >rt\l (J*l u' c U.Aj\ft" 6 _jLoi£ 

I L-JjAxll ^j-q ^3 .Ajuolo ^jac. jl Aju!aa AJL^. ^3 ^cA]l ^ 

t 4 a jaaJI l_j ja*J1 . 1 

. 4-Ajl J A^\ \\ L_JjAxJlj .2 

CjIjI^a LJjX. j cAjjjLII l_j ja*J 1 j i C aI n j-s 'I J ^AjjaaJI S- 3 (j-ajJoJA 
L_Jjl jju 2I ^Jl AajIaxA^II LA^AxJI ^ Ia. J) j (JAiLollj j . 6 -Loi£ jj-aII L_JjA*JI J 6 (JjoLyLalll 

. Ig.jqiQi A >. ^)Aaa] jA\ aIajJjoi ^3 j\ 4^JIx_a ^Uj! 4.uaJo ball 

* + * 

J j Aj, Wil (JajcLojj ^jl Jfljfl j J^IIaII 4a 3\ (j£-aJ 

4_x-ui]l AASLila-a J i4_x_*jil! CaI_uAa 3^ 4 (jj> ,Q ^ J ftAudll CaLuj\a 3 (Jxjujj dll nVi c^IIaAj 

.£l 11I Ajcnla Aj.laA (j£-aJ -Ja j^)joi ^‘* iVij . ’ 4 a 1 A^LiLa-oj cA2l£ljVI 


7t 4lsl jlail ljUS jaII jjaH SjI : (3 - 3) 



T g /”C a 


24 

200 

( UJ 1 ^' ) 

52 

304 

(jAuSa (jALma-4 4 1 - jjIawj ^Uj-5‘2 PPV 

24 

420 

( uAj^-p) J-Jt 

24 

450 

(u^-p) 

24 

500 

( oMj 5 oj 4^ -p) 

Clil ^jaa jAa] jV 1 

71 

200 

ciAf* ^ljj-4)- (>aj-4‘1- Jamaa! j£a -2 

^ 7j 3 < \‘q /j <\ <*< <A 

71 

200 

(jjJ)lj-( JjjiLa) JAlo-2)- ^j-uj-4‘1 

71 

300 

( Qil/nq -2)- o^aj-4‘1- JjJaj 


jjA^llI C-AJ Aic. 
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.4.3.3 

^3 £Aj 3 Jal4j Ha! .£-gV ^)4x^al JIHIa ^jaaAjI PPV (jj 

l_sL!u£I ^sl .520 nm j 551 nm .iac. ‘grU^' aJaU ja JU-a 

Sia. tjjfi Jis cjl jSL ^ PPV oVj . 77 1990 PPV jaaJ jJ ^Iaj^I dfcll 

4.&.aJa Alid-aJ Ja£3 (jjJ aJLaxj-uj! (_£ ^4s tl-ijlj^)^ 4 1 x j^&Il da! ^,1 a„ J^jI! 4x< jaQ~n.a ^xuJa 

. aHHIaS! dal jjg Vail L_aj4!lll ^lalj LdaJ Jj $. jdall 

79 640 nm Aic AlJd V<uS MEH-PPV jaaJ jJ ^ ^bll aJaL 

jlA^al 'jfllj .AjjI jaJI 4 jJ1*a 1I 4-^.^p ^l_9jJ £_A ^)-A^.V! _^J 4-AJflIl &i& ^IjjJ 

Jjjjj-dajj-4)-5-( Jj\jiqji-4)-2 ajJooV! (J-q MEH-PPV — I ^jdall Jltlll 

. 80 sjljaJI Aa^jJ) £-UajI £* jjjVl UIJIa ^-Jj^aJ (JjjljjLua£j! -4 4 3 4 1-( JiiiS 
^)-a^.V! ^ (JjlHill <. 4j 3— >\ ^ Ah» \\ a Ajq'l ^Lajjl Ja^iLa cPPV 5-SH^ 

O 1 

.AjjoUJ^)]! ^Ha4]1 S«1iuj ^jaidd ^Jj Aildajj . (j£LaJ! Jrajt.da.il jLpjl £a 

Jjai^LaJl ^jjj AJjl n a 11 JiC-LLdll Jait.da jLpj! £-g l^.^daj S^aHIoH a,A& ^ n^'aj 
. JjJal ^JuAa 1 JIaI! JjJal! j 6 ^ 1 jJjoi! Jj£l ^ix-da ^jV 4_mlli . 

ZAIXi ^liLbVI .4.3 


.1.4.3 

.Vuiaa^I jAasa]_j3I aLaLa (jk Aajjja£]Ij AjjAAJ dl3Ll.}*J jLaJ AaLaYI (_jLjA 

. 4?-'. \ V.1 A r. , jVt ^JAjoL^J AjLjj3M L O^lc.^5 

.jaasjIjaII <joiaa__)]I aLaLaII £-U.J jl SAuiSI a1a3Lc.Ua s..iaj tAjUi'yi (ji'qVi <j^-aA 

.n ^^21 (3^ rjUj] ; P ^ 3^^ clr 0 ^2-41 oA^u£3f^ 

^-AAJ V . 8 ~ ^}Aau] a_l]l i| La J ^]Iaa 3 '' ' . A V 1 . . >i\ ^yt <it, U^aVlj AaLujVI C_kHjA 

jIaSa La IaAj .i_a jjoAall PPV jaaa!_jJ ^ Lajla i_Jj2ill j dllj jj^WI jjAA jLI nil 

L_ui ^LJij i - jaa — aa . 8 ~ ppv aAaaIaJi 3^^ s- 1 j ciaIa jjA^iyi 311 jy. ^2 * sLIaa. v a ^ 

. (4 — 3) ^gk AjLa'VI (jjl jlaj 
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AJe Uttl Uj&\ .1.1. 4.3 


tilnjujjj (J.lj^)3 (Jc-lijj 4_LolLall! £_ujjJ 

,(_£.1a]| ^ixJ-o J>S3 Aullj AjjIj^^II A.J,I^a j-<JI (3^J4 j . PPV JJ-aJ Jj ^ ^ Jill ksy\ 

^'l^.jj tfi.li.1^. Clilc.Lia3 ^j Cll^J AjljujVI C.Ajj£u (JjJjtllll 

oc ^ ^ 

quinoid jl& a^A ^ Jj ^\lo 11 a 


(ujblft uAn/i-p ) 441^. ^ 4 jLuiVI <3^1 jlaj uijIjJaII : (4 - 3) Jj-i*4l 


2^.1 ^_>a11 

4-i£j^1I 

84 


85 


85 


86 

QUbj^II 

87 

q\ j4j-4H-( iJjjSIui - jiut ^lii )-4)-6- Jj1ia-2-( CjAhi* cP^) - 4 

80 

JjjLi^jU^H Jjj jj-C1jjj- 4)-5-( JAiliiiJ -4)-2 

78 

till J jj ^ n-^bj 

82 

^lij^all S^)dl lJ^ 


£U^2b ^UiVt .2. 1.4.3 

(JL<ixjjajlj 4 x u^i^Ij 42jLujI ^jjc. i^jja <jl£ jfrit- PPV (jl£ UaI 

^Lix-sall CIAjj^^ iS^)^. '"" ^ * u^Vb AjLujj 4jL^>la 

-}£3 dll J)jg Vi ^ H^i t__ul_^. C5^] • £^dll ^^3 ^dajujI^J ^3 

4_bl j j£l j41l c3-^-a S^)dYt Aij^Ia JluuJ 


diU i J aj .5.3 

«** 




UJ^3 
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AMi*JI gjlJofraaH . 1 . 5.3 

^3 Jn^ll I.IuAI Ixjj AlaJjaull g. a^)Ax-a-«ill CIjI jjg Vi\l g.Lij LaaLoil 

J£VI jAj ;g. ^.L-sa-a JjjJ Jj ( 11 - 3 ) J *m\I ,J -lala^.^.H ^)JjoiJ • ( 1 1 - 3 ) (JSjuaII 

t g. ^jJall Aj^jJaC- dll j jJjoiJ J p! jj c. d-^a j 1 > Jojl . Ic* ^du 

^ 89 

Lxu 3 ^^)dj .PPV (j-a jl^-a (Jc« (J* 1 ^ djl j Aj^jJaC- CjljjlaLijjljj j 

. g. jjJal] Aa-aa]! ^3 ^LoVl IabJI 


^J.. ' ‘ j ©-a .‘l» 

Aj^Ia j a jj£j 


t © f ©.© 

© © 1 


£ _sJsi! i jj^oa a -vl j^alAdl : (11 ■ 3) ©‘'V' 


AJLoill i“i' '■-- iTi'l tjjjjjjoiAll (jjj (5^)3 JjjJaJ .Vic- 

l^jSlia ©iljj - ~~ ’> ^ .•.•'! ~ -A V ' ' ^ ' V. ^ . Axj*aa-a]l 4 - ^a] 1 . ‘ v. ~' .'VI z t-Lu^-oll 

AlLa. ^ ^jj£jj ©ill tiilj JjLoj Aja^IjII ^11 j-all .Ajj^kl jl Aja^Ij ^iljx iAIIaj ^jjSjja 

°' 'e <• -. 

lillil -L$JJ ^ ' ft T 5.; a jVuaxi'l AlLiJI (jx ajlIiL ‘■“i Jj]UH . ^ jjA-»'I Jjltill 

(jlUll ^ t“'l->-‘' ©ill 4.1&U l$jli ©J^Ul £_f'"' '■"'' '**■ .' » jaAail jlA^al 4. '\-aC- (jji 
AaUa (AjAl^J jJI £31 j-all <■ . Vi' (jjSli ^jil ^il j-all V SaIc. j .^j I jjjall 

jjjjoi^j ^Ic. baUII ^^jjj tL_njJI Ia^J JLa-all ^3 ajjJall j I . *i . ,-iV A^l£ 

Jlc* ^jaxuI^j (JLaxjjujIj _jlAx-aVI Sg.liS ^j»tiV*n cLqj-aC- .AjA^.1^11 (_)^.I^aJ! ^jIc. 

.A^J^LLIa US '- 1 ■^ 3 . 1 g- <Q 

(JL^-o ^3 ( ^jLj^)^]I (JlaJI d«liuj (jl <3^)11 (j-o ^^jaajI^JI g-LuliJI (jl 

JJ ^CjU jj jill J^C- AjjoiIj l^-lc. ^>axj jll cAj>aj-ft£]| Sg-li^JI U»l ( jj-oVlal J 10 5 (jC- Jjjj 

66g.LjaVI .aAaJI 5 Jj 0.1 (j-o JU^JI L5^ cAi j^^-aII c±>jjm\ 

,g.ljVI ^5-^ AiUall og.la£ j 
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15 nm Jlj^. J] Akaj (ITO) ^"u^ll j ^ajjdL/l . \nn^ jl q -g .ixj^akl AkL ^Jd 

idle SjLg (j-G ^..lA^a ; ),9l ■klfr.Jl LgI . _jjxnl ^11 ^j-g ^jjl isiW £^jJall ^l-gjoiJ ciiljj 

jl ^a j^JlSll j! ^j).)'m\V1 Jj-g 6<dlljjj£3Vl J ■ "U J (Jl AjjouILj (jJaidda AiiLla 

•fj^jC' 

^)^)AJ A^lla dlli (jclx-G (J-g iaiyld. JaAg_All ^3 J-gxJjoiJ ^^J^LgxII J JkujV! (jAAj] 

Jj-g AxSj^-g ^j^aj AiiUa dili I J JlLujI J£l (JjLx-g £-g i j ^ jjJIx-gII Jj-g Adaiddi 

AiJa ^j-G Aj^j-gjI^jII Aa.i3-a.ll (j^jku JajoijVl Aa Jl ^ k j . ^ Adaall j ajJXgIVI 
e-ld tlijal .a^Ia-g dil jj-gj! jj ^g CljLa.i3a.il SCxj-g Ic-jaCi jj£VI (Jlj 

I Jj Lg£ JooiLojIg l_iJjojLj dll a J la 11 SCCxj-gII Jijdaxll djl JjgAlill 

£^1a 11 C* lV*1 t JJ.^^all j ^jjdVl djo^J (j-G Sclfi. 6L_alijal (_£ ^yjLA djj (_£^)A1 .1 

. A_a\a J SJj£^) Jc« 

(JaLujI -4<3) (J Jj Jj-g c i Ja ill Alslj Aa J-a $.^L]a ^_£^)ai tAajLoill A-d.i3a.ll ^Jc- .2 

.(PEDOT) ( JjSjjj cs^J cs^Ljj 

% 

Jft t MEH-PPV Jk t^jjjail julua^Q ^jj-gJ^J ^j-g Aa Ja ^!)Ua (_£^}A1 J .3 

• AJuLuill Aaj3a31 

.AajLaJl Aajall Jc. LlJ^)^. fi^JAJJ (_£_^)A1 C^ajjJJI JIg t^Jc. (_£^Jjoi-g .4 
.S^aVI Akkll JjJ ^aj)j mIL/1 JIg AjLxa A<n3-a ^..lda J (_£^)A 1 I^aIj .5 


C-jdall SjAx-a - g Aj^)J-gj1jJ S j.igA.1 Jj JJajj Lgj3 AjJaII ^duAill J^.I^)-g <_£JjJ 

l AjILjII Ajklall A n Jl dll j 6A3 aC j-gj 


^ajdAll/^ajJjlj/MEH-PPV JJ-J Jj/PEDOT JjJjj/ jJ-L-adll j ^ajjdJ dja£ J/j- I a j 

(JjaJ (jA <J Cllili Ac-lJallj jl ^^-gIjJI ^.Uallj UgI JJ-<ul ^41 (j-ijJali ^jaj 

^■LjaI oiA ALXdGll ^lU^aMl Aljjl^a.] .djj!lll jl ^.!>Ldll CIaj ^.jda j^Lj ^jLauill ^.Ljj 

• Lx-G ASIa CIjI _J J A.ILi^Q dll _J Jl 

^_id-aj C(_5^)dl Jjl 0^.1 J lg.x..)da Jj ^ar in Jill aJLiLgII c^iUjlnll CCc. ^jJa.i.adll 

AdJaj dila ; i3a dlli SJj^^) J^ ; (3 ; il-^a.a,d ^jjI^^- (j-a Clll Jj^ajII 

^j-gj cAiLJl J Alkali dlJj^jJjoll Aklko ^j-G Alclil! dll_Jjxj-all ^Jc. (. > llar'ill (J^gj .Aakdxi 
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Jji sjjSj JS LS ic- SJAa-all i* ila.'Ull L I'llSj i_yakh 

^,U\'l (j£aJ lSj4i.Vl ^ .dljlJ jl 4 jjj.>«. 1I Jfll jj]| I- ql.j.f-a M '■"'' jjg > ' (jJjSil 

\;1. di Je-Ujj j^j ^Jc- (jjljjsJI Sl.M a. ^ .4jjl^j]l (jjjSl] 


91 


c SJJ*- 


^Jadl dlUl£-ol £J ^jj \a A_=klll_lil <j j^alU Ajl^jll ^3 4_ut_ladJ! <5j^)la]l oA4> IjJjJjluo 
4_ljlj pl^^l 4_uiai. j ‘4 ■" Jjl e-l^i .1 Ajoiai. ^Ijj] iS l^j 4^lii-a3 « j jg V'" 

. ^ 4 Q I"' ^ l" 1 jj ? V'l Ljjj£j (jj^iic.j A+..a\ £ji^aj (j£Lol t4 al'd ^ 

^ \ l H ^ < Vq*i \ A ^ AjjalC>^l t ** 4 a -n.% ^ i*< l / jA 4\ < 

Q9 

^ ^-bJa jj! I ^ . (Electrophoretic deposition) 

6 j£l d il a^um^H ^pajjjdj . c_ijAa V ^ Ajj^)C. dltxUjai^ jl ^aII (J^iiLj 
J c. 4-la3l^fc.xil i > nS a V Jaj^jjoi didi c-Lulxil (. — qjq V.i ^aJ tA-mll s-LaiC- (j^£d 

. A-mll 

^Ja jl ; dal n'u'l dilaldA (_yax..\ A.,4.Ja31 ^3 dn<n lij S^Jg-d-ill c. *d*n (jl jj^Aj 

l g a^^IaJjuAj L_Jjljjail 6 3a Ail jl j^AJ .A_lX_lUa]! dll^iAj] ^21 jl dll ^JJLAjj JaII (JjA L_ul JaAI 

(jjfLi Ia^C-J . l^J. 1 ^. ^Ic. (J£ A_^JIxa!I dll jiad jjj cilljj A !. jls £jl JA ^jjLixdalXi 

tl J Uti’l ^jJaidLc Jaidaj Adaidd 6^)1^)^. Jaj_jjai ^^3 A^1 L*_a1I ^.l^)^.j 

QO 

ClljlS Ua] t^AiLaa . ' 4iJaJI 4jjUjj3 4jjLaj£ dll jjjAj dllAa.1 (jjJ L_ul ^JOlll All jl 

(j^-O;} t 6.1 MP3, i^axda dl^J 241 (J^jUl2)U A^,^)^J1 Aljlill A-^.^,^31 

CjSl j .8.0 MPa 3-ait. da i" i Vi AjjJ-o 260 6 (. ^jhnll A-AaC. 

3-ait.A>a di^J AjjIa A^d*^ 6 ^) 1 ^)^. A-^-J^ (JLaxJjoiI (j^J^)^ll .IiaaSjI ^ 5 -^^ 

.15 MPa 

^dli- 9 ‘ 9 ) Ji (JUurduilj ^JaLaiil (jjjVLj AfiltLo dll J).jg,.rikJ ^d-a 

t L-ljiiU Aislj A3 i3-a Alix-aJ PPV ^)Jaj\ coj-Iuxq AAlia A.'U^-aj (POP) (clfcd)-^ cJ^^jl 

^ jjia' 1~^ jjn'll A^a.vldj c IdLAi Aid-saj dll ^^C-Ijj ^ajd jaI (Jjj ^j-n-^^l-JJj 


78;. 
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i ^.iLiLa j\ j c5^ cJ*^*-* PPV 


L$J^ 


Jlil 


94 ,,; 


J-gI 1 ^Jjij^j^-p- ^jljJ-0O(X Cl jl ^J-G^Jj-g] 6^)joiLia]I 6^),g1 41j tiilj J 


JAlo- 2-( gj'A^ ^12) -4 L?-**-iuilj Clll jj-gJ jJI a^A AjUi] JlxJ 

4^Jax-Gj ^jjjJall J^Itill ^±1 S& .(DCM) (jl jjj- 4H-( AijCd - jA 0 ^ cJA^ ^jUj-4)-6- 

j 3-nW (Jliijl dj.1^. <jI£g] Ajjinojll (dLllaVl dj^jLujl tl.li.ldj . L_ul jjaill (j-G 


87 


dj.1^. ^Jj (_£jj}J Lg-G tL_uljjal]l ^Jj A_1.1 x-g]I dljJ-GjljA (j -0 


> 

(jjl ^41 C. 11 PPV ^ J u.^1 jlj tg.!}\d]l *.“ 1 Vi Al^JLxaj t^jdj 

.<jjii£! j±i\ ( jid JjjjJ ^Uj-’N‘N)- 4‘1 ‘cijj' j-cdVl PPV 

a_jL^V1a jidkVI (j* PPV 1 IjjjIs J^ld^ (jjill ^).V*' ) tlilj -IxJj 

. ^ (jljl^l *^c1g ]->j.*)j DCM (JLa*!1uj1j c3^j 4jL^VI .DCM — j 

ujb\.^-p jj (jjlj\^ jAma-m Vi ^liJI ajjLiIaII a£jjAa]| dl ^ 


96 


L^l (jjlll jl-lxd )iui ^A (jjlyn’q ~IT1 S.1^. j (jj£j 4 


j.bG-vl jJ djl_ajjal! SJ.1 x1Lg jdaV^l g. jjJall Sj, 


>'J^H £* 






. J jjlj^Loi^ji^O^lA JA^ l!A^~ dj2-4)-5-( Jjlnqn-4) -2 j ( Jj jW J j^-N) 

S-l-iVl (jjixlj .PPV <iiLa AjlVn IjjjS lii*J M ,'J^" Jjltiil JjLlJJ ‘■“'' j..'g °2 a ^ 

.<£jllo til JXS J AllLi. J-Q j 1 ^ $1 < IgiJjJ (j£xtl ^^glll 4 4 'I'll ' 0_jil 

La-0 4iliUj^iJI AJjUlall til jjjtiJI jjliinj t'CaitJall “CnjLaJI til j CllljJxiJ jJI 

, 98 ’ 97 ^bVi j-^1 

J <LjJ^I a^UJI JttU] (jlxu j| . 99 a1uU]I Jtx.XJl ^1 JjL lllUA t( j^j 
Lg AiLowJl ^alijj C t lUrtll I . jjlilii 5-S cA 1 " S - ^ jfi 

.AlnjL^Jl aJjoiLoiII cJA 3 (3^^a]I ^ax.j 

^j-G ^jjju-sa ^)1 MEH-PPV 1-g (j^j 

Lg djl^.^ I> " ij/'i'n Lg dj^C.lij]l L qj^'i l-<^ .(J-gL^ 

c4jL*n ls^ Sj^tfll PPV c_i1U^Lg 1I tiLLoall ELgjc.! 


101 


SjLg]I A J^y'lxQ _J i -. 1 . U ^ J)\ jl ^gJj-l-ca L_l]l kS-i\A 
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(J LixJac-1 lallj PEDOT PPV 

.1 09 

^3 ^g.A (J-olc- ^a a^Ii^aII JaI y*A\ (j±i _j^Ia]l (JL-a^jl ^jl^Lo ^jj 550 rim 

J-IxaII PPV jmj SJ-IxjaII (JaI ^^J l ^i3 .S_jj^aHS1 AjJIxS 

till j ^ja A^jLil! Li^,^]j3^ja]! j i -Laill jJal! J1 (j) . ^jlnll (JL-a^jl ^Jlc. (jj^Jj x m\Ij 

. JIjlS J<; >rt i AiUnll (JISajI ^jIxja j 

c (JL-aL-all j MEH-PPV (JA A.n^.g.11 Aj^jljll 4 _^^)a]I jIjaII 
(J^a£ (Jj^3j ^lc-1 _jElJ 6 .La i Lj^jJaC- (JIxaII CllljjJ^jAjjA (JE-aL-al ^3 S^aIaIIj 

Cl" _J1 A Clll J-i-o aj ca]I A. u.u'n J . ’ (JUtjjjVl - 1 C- ^ai^l 

(JjjL/LuiII -JrA-A iS JT\. 1 4-1^1. V'.all ^_Ll]l ^ .O^JiLo Ajjjlj jljx ^Jc. J j.-^i^’l 

J JXJ v iajjiiLall ^iill (j£l J . Cm jj j jm j-all Cll,4jJ-i (jjj Lo CA&I jaJI ^2 AjjJ-aJ 

• aJ _^o JajJI AjSlill ^Jjjljil Cllc-I jill 


J1 j^CiS j *'°''l Usl tCjlajJall (jjj ClUjja. jmiCaJ Jj IjA J^.lj£ill jjCj 

- / 

Aj^jjaaI jA\ (Jja^LuJI (JE-aL-all (_£_^j aA^.1 Jja.11 ^_aa]I LS^ 6 (_5,J-^I CIAaI^jj . CljLa±la]l 

Sjjqull Cljla±iall ^jj£j3 co^aLciII Aj^LaII <j£^ja!I jl jaII ^3 IaI i^)jUajai]l£ aI^IJlIaJI 

11a <Lajl^jJ . Aj^jj^J jj AuJrab^. ^3 Ia ^Jj aJaJAA L_J ^LaIj A^. Jja j t^lkAaidA 

(5-3) (J ^a.?k.Ij . A-k-sal^^. i * n m ) £ja!j LS^ (j-Q <> — aj^a.11 

•PPV a31*Ha1I AHIaa!! d ^ a!11x3 


Cllij Alj^la (JIajcLoiIj ^1 jaj ^ja aIIIjaII ClaLaJall 

JL^aII ^ Ia jjjjj 0.004 Pa s 0.002 q* JIaxILoiI 

. AlaU Al\ ^ 0.040 Nm" 1 J\ 0.025 

^ jj j ^gic. J^IaIIj jj.Uflll <LU1I j EjLjj^£ aUIjaII AjjaaJ ^ jiVi 
(J^la ^j^a,,)i^>..iS j tUjU^^S ^IaaII ^jaaJ jJI ^ jusj djlildaVI (j-« 


106 


AJaC. (jLwJjl jjulVll J U ^ UAaW J2>Ji 


Cj\j\ A y\\\ AiUa AIIIjlS j l CIjI W dll (j!^ ^jl CljliLda^U cdlll ^Jl AiLdaJ 

.JadJU A£.Li]al] (JjHII EjIjj^£ ^IjaII ^^jaj]^ 2I (j -0 ^.^j^aAll S^j-lx-aAll 

.lijljj^£ ^tlA ^JAaJjJ (6-3) J J-^31 
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CL_fitLal (_£^JjalAJ l CLlliJa £J^)I (j-G S^JfrAjIl 

ftjixllo CIjI^jj^g (JaxjjoiIj (J^iaSU Inlij^S Axilla i £^)^ ^ •iSj^' 

.^Jj^fLlA 1 J JJAjjlj 100 AI^LajoI ^jljJJ C <al -N C.L joC. ^ic. 


PPV LjjLj^£ A qNIaII CjI Jjj Vi 11 AAllxi : (5 - 3) 



lm/W 

*J ^ 4 in 

107 

0.12 

MEH-PPV DEN- PPV 

108 

0.13 

BDMO-PPV 

109 

0.42 

ITO/MEH-PPV/LiF/Al 

110 

0.73 

EHDVP-PPV a 

108 

1.2 

jAujjj tjjlj.ua BDMO-PPV 

111 

1.31 

DMOS-PPV-co-DMOS-PPDFV b 

112 

1.8 

ITO/PEDOT/MEH-PPV :PF 7Ba/Al 

113 

1.83 

MEH-PPV PF C 

114 

3 

MEH-PPV 

115 

5.6 

PPV-( Jj-Sa- JAjI -2)-5- <J4 ijj-2 

116 

8 

MEH-PPV^. POF 


lS^3( l!^ l!^? 3 -2 ‘2) <!njUk oj-oj £-° PPV a 


J^l PPV b 
(ooj^')^ ° 


106 <J&“ LS J^JJ : (6 - 3) JjJail 


[mgg-'r 


12 

MEH-PPV 

4 

(oJ&yi ~i 1 j*) >j 

1.3 

CjI JJJJJjii LS^^J Jjj J j-n-t^luj 



.jjjLlI jjK mgg 1 a 
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* '0 * 

qii AiLauJI dul£ 1 aU 4 jf^JI CAil AajjIs i j Ann j Cliin gaLaII jV 

^jojIj AAjJXaII A K xM^ll £AJ J j^AJ 4AjjalljA d Unj\ Jd^JI d_lil jjjlj AAjSj ^-UaAll 

^ic. L— llxlH . J £3 ja]I jjC. ajJaS -la/Ld J 4 jjUall ^A^AaII 

. ^ ^Jjal^»A AAi3 J AjAqC. I £_iL«aJ jlg^ £ Llj (_£ J^. AS3 4 L_J jC. JaII JJC- dl jLalll 

A^.1 J J .£^lj AjIIj SAjja jlgA.ll liA ( ^9 s-!)LIa]l djlA^j j! 

.(jjJjVI J 4 JjJ^VI J 4 JA^-VI J j£>U GjAx-aA Aa]Ua dlUjln d2>lj A_Jlc. AjatllLj 

A.J-a<a/> jiajxJ jlnx» djl jaA jjAj JaJjdi (J£ja ^Ic- $.!)L]a (jjQ'sn j^aaII ja j 

.Iaa. aJIc. aIaIAiVI cJ* > j Ia&j t&Aalj 

^UaSj^jjjiil ol jj$ ->-i1 1 .2.5.3 

l jjc. jj ^A AjjUaJj9 jJjill djl j^^aAII c. *Q) u*a*i j£aj 

d I jjj J jjA U -0 A-Aljjg^ AAUa g. jdall (Jjaj ^ill AAaIaII ^jlll • 

gjIaI! j Ax^^aII ^JJ jlill] aJaIaJI djlAjjJ^lVI JaAj . ^^jLiaj^ j ; iij 

ja djU jjj£1VLj IgJAjai^l <J jaA dlA la.ig,.A,\l ^J] 4_J j£lll (JaAjj 4AIajIa1I 

.aIajIaSI gjIaII 

£a (Jc.lijj IaAA^.1 4^-IajIj gAuj£ 1 LoUaJ Aa. jJ L_li£jlll £- jl ^A • 

(JJjoIaII JA A^IaII Clllj Jjl^V I £A (Jc.lajj J^VIj 4 (_£JjAa1I ^lIxuJ ^ c. L_Jj£j3l 

^Jj £AjJj 4^Jjdall ..Ixj^aAll Ale. tn^jl ^Jj ^.IaII Ajoi^Ijj 6^>Ija3 .(JjIaaII 

. Jfa.ig..A.\i Ale- ^i^j^jAjA 

V j! A_ijLla] Jh ^)J jiaJ ^ Aal . AA^jaII ^lll ^a llA (JaL*I11 

AjAIaj .AjjjJoC. V aI^a ^ja p-n dj^L-a j (J^joi ^ *^i1a]I ^ja CIjLIiaa^II 

^Ajj ^AAjIjja dj^L-ajj t Alil!l a dj^Lx-aj (JIaxjjoiIj ^ja AjljoiI j ^-L-a 

^LxjjjV^ djl aAA (J^^A . jA Ic.^JjAi Uj!l^! cAj^daC-V aI^aj A^3aI^)J 

. AujIj^)^ A^Ua S^JjoiLaa ^joajoi]! 

AJjoAjoJI Ij!)LAJIj AA^jILq A'a’Wa djIjJA SA*J AjjjJaxll AjjaAjaJI Ij!^LAJI A\\ 

AA^^ll AjIHaIj 6Ajj^)a]1j Aa^. CAIjIaII oAA JaAIj cAjAjIaIII AjjjJaC.!)UI 

(>>5 A ^a.9.1 dlLlA Jj Ia * Ax-Lilall djLillaj (JIajcIaIj AjuoiIj djL^LaAl (Ja1i]I 
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)1 ^3 iAxaVl (Jj^lail j)\ j cAAlJall S^.La£ ^j-a 

.A \\a*W daliiiLdll 


cldjda a 11 dal W /till Adljj • L^O -0 ^tdUal^A jJ^A^ dal J^g-dJl 6£.1 a£ 

dll^a. ^1 c^jLauJI IaaIjj ^All dal W kti\\ (Jiii t Clalj j_jj£lV 1 S^liS Adlxj (_£A]I 

<_£ jd L-iajJJ e-Lud .lx-o A^.1 j ^jl ^3 QnUaxJl (JJAA J^iA^'a L-iSkj . C1 j\ W dll Jd ja. 

.AjA^. ^ic- JS Aj^-^-g AAldc ^3 \jua (jjiDadl ^jjjai^J (_ <iAg.j 6 _jj^a**i 11 Al jd 


Al-aj J] (Heterojunction) "^lid 51-a j" j^dll jdA JS1 jJI ^dL^dl ^k. ^ 

AaI .A^^dixJl dalc.UaAll (J!d tAAlid-c AdL^}££ (_> ia ^ dalA aI^-q ^j-o daLiaJa ^JJJ 

£aLg ^Ic. cJ*^A H (Jiil^Jl flL-dl ^3 "Alil-i^ Adldixa ^jmMl (JdAl 

^Jajaj A-2kLi,.tuiJ aI joJI aAA jjdn .Villa AidlAda AiLud (J-wafrla dill Aj^j-gJ^J 

lsAh 


Aj£^-g1I SaLJI jl SaLgII ^3 ^}3jjj <jl L— ^(JaI^JI <— flL-dl ^3 £jLuj jA Lg£ j 

i AdUal jA jJjaII dal J)..ig-2>..i]l ( ^3 (_^Ajj . Ix-g <jl ( ^3 l^J (JjaLgj did j_jj£1VU ^jLg ^}-al ^d 
^Jl (_^AjJ J 6 (_£jLoixJI Jj J^Ajj AdL^-dll e* \\ W >rt\l (JL^adl ^Jl jdall (j^aL-adaVI 

UJ^' gr* (JJ* 


Ada Aoaajjxu's a A-gjLLg ^^jjojAIj Idjda aJLjlaII AAjJall AJIlilijVI AA-laidl ^3 Lad 

Aidall j ^AAslxJI (_£_JjouJI (Jjj (Jc-lllll Jj A-gjIaoJI dAA ^IajjI (jdxg tA W /till 

l_AAic- 6 6 ^joiLia]I ^j£- dal Jjjtill 6 A A c_flA^. (j^-ol 1 a1 6<A11a] .Id^da aIUli!! Ajjdajtil 
Ja j_Jjoi]1 Aj&a e-LL AJaJ^)d <A11 Aj oAlj^j ^aJ (j-oj c dal W will ^3 j!1a]1 ^j-q 

^c- da!xlc«lijll oAA c— fllaJ A^ (j^-<^ 5J^)lc' aLI^ILI A.*i Ja ls^ 

oAA Aildj Aj^j VI (jdla .^^JjoiAIj Id ^da AiLxill AjjdasJl A.i.aJa.11 ij±i o^jdljdl 

AdladVl A ., 1 i Ja,ll oaA A-ojlioJl V c 5 nm ^-lc> AjjUJl A.i,Ja.\l 

Aa] j . ^jjauJl J Idjda aJIaaII A., 4 Jail (j±l dal W xull (J-ol^^J (J^jojVI (JldjVl 
^ jjnlll Ajj^Is dixfij^a AdlSdl AajI 3 dal A dal j,,^-d'a ^3 S^liill 

.6^)djV! ^.jdajJ 
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dll PPV Ic-jjd dllj ijjjSI^U A-dLail Aj^uu] _jJI j| j^]| jjfai (jl 

l£j 3 PPV dll dllj i j Jp££/U <IjaLaJI Jj-Oj] jJI jl jaII Ual . (jj 3 JJJ 

(jjjJI Adaidba dllijjp£ll CLl) AjaLo ld-ijl . ( (jjjlia ^jjj i^jiLlui 

- 10 ‘ 9 ‘ 4 ‘ 3 - ujIjjaj ls^^J (Jia dilaldaj diUj^ljsJI - ■ >■"' t^^jj^aJI 

. ' dL>l_lul£_jJj£ ^gX-LjJ 

LaLa!iAl dasl jia dll jxaJ_jl (jailuil *>j‘ii^'I djjl la] j£jj_jill dll jj^dill dliii jaJ 

did: j .MEH-PPV ^gJfc VuiluV^I Ic- Jjd jjSVI dll jj^dill dail jJ di^i. jaij . ^ ' j;;*'' 

jsl j .Adall ^gi 3 (Jjld: AjUa (Jj_jdl o?.la£j 4 ijd ^ ^ jLai Jjdd: ‘djjlV 0 4a jjd 

< ^ < <1 < ^q\ 1 ill AjjjjLaa dld^jl^ill £a aJisI^ja dal (j-Q (jl d. J 

dl^-lA-il j2ll ^ja Id ^xia ^jia^^A dll j JJ^II (Jldll ^jC- jJ^ill (J jjlLgII ^ad 

(Jja£1I aJV-^j jldll a dll UiLd Ujoij (12-3) (J^dll . dld^)l J) 

J/n jIia-2) J J^J (JjjLojI ( ^ic< AdUdjSjj^ A-iId aJU. 

.(MDMO-PPV) (dJdd jddd -44-( ^jt 



[V]\ jjd' cjjs 


55 MDMO-PPV <_d ^ AdUai Adi. o>adl AWd jldl : (12 - 3 ) J &£9 


^dill . LLa^a ldl]a]j!a jJ^3 a-ljl Ald^aildl ^l^iaVl dl j dl^jjg Vail a 

6^-oljdl ^.Uall A-AaC- $.ldl .Aidldo dl£_d 0 j1^a 11 (_jj^a.9l (J^ld ^ja ^jljJa^l 
^)a_^j 1 Jjd>-A cAllLaill A.1UJ1 ^ A_ajI£1I i. d>" ^J^aII *Ul^ (JC- ^jjJall (Jlxxadl (_£d ^jjSj 
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C^JxaXxox xXJJjxil ojlc-l ^AkxaJ A ajIJI JxlUI j-s{lll Axj J . jjUaJ-all L_JJ.1g]| ^p-JJ 

SJL^. I^jjj^j AJaxILuiaII cIjI (jl 

^jC- C_2 jj^*_a]1 ^j-g . L_J jC. ^)-g]I t—fljljjll s-Lij (j£-GJ tAiL^Jall . (J>i4^kl l^IlaUa 

JjlaLiA cj_J^ ^g-g 6 4^JIx-g]I s-IjjI ,^Wn l^jl CIiI^j-gjIjj 

CjUauill (JlSijI quhVi Ja£>LiJI dll j^aJ jJI .^W!i . i** ^ W t,1\W JU&I l^-iS 

(Jj 3 dliadll aLajJ^j! SjIcJ JLgja. 1 tillij l.qq^A i (J1 nViVl Jal&j Jj S^LjaVI dc- <jj£1a]I 

jl c-^UaJ <j^)-g AjjUaljajJ ^3 dl J).}g-d ^,.)A.*dll *^_J • ~~ 

.(CiVUaJi (jjlAjl)^^ <jJic.! j^Jc. jjJu^allj 

(j£lj tl^joiaj AjLjJallx Ig.jxSi j| jxll lS l^j ‘L}> jSjjaJI jxl (jlxi: ;j£xj 

iSj^- Ijj ^ c «-EVI jxj£ JjjU dllx^a . ( _ r Jj.i]l die. <■ '«'“'■>■ ^ xjjAx dLaxIuiL 

(Jjia*x (jx j\ (jj_jljj]l (JjAx (jx jj^jillj MDMO-PPV jx AxjUx]_jSjJj 3 4x1a. ^Ixj) 

•<jj _>“JJJ^ 

. 8 “DCM J xjjxjxll PPV (JjjLxI ^Ic. 4xjUa]j9jjj3 Cx) ji^ax ^x - x lS -AI 

ITO jx ^xxx j ^cxlLxa xJxaXxX . P P V jx (J Pa’ xxLajx (Jl^Jalx £ jdall I )( iVI ^jxaxxJ 
jj^jjx ■ " jxa^ ) ^_x xj xxxil PEDOT jx Axjxj AXxla Jxixx c t P Iix^j 

^ _jLjia1I j .DCM j l-j ^L<2I PPV jj c3f^ ^ 

Cli2kj jj^nlU ^jjia\V1 qa 

6 AMI. 5 1. U^3A (JLaxILojIj y\W ^)l.U.^l 

Jl 

l^.l.ptj 6 >3\1 dj^ll AilfiS ^jl *100 HI W CHI 

*^li£ Ud .1.15 V ^jLaij A-^.jjiA3l Sjl^ll ^jlj 6 2.77 //A cm 2 ^jLau 
. 8 ” AMI. 5 3* Ida) xxax 4xxll 0.00055 L 5 ^a AiUall 

Aj^)Jaj\^21 (Jjal^Lalll ciill] ^_la3 ^3 oAaIjCIa 

tiilj ^j-G <1 jIjJ-g]I (JjC.ILg 1I ^j-G Lg-G ^AJjILg 

cUXaJI <LpL^a jUjji jli A-i^U (j-Gj .AilfiS JSI 2)j^ AjjjIaJjJI Jjaa^yLaill 

jj .^U-jll (JlSijVI 6^)1^)^. 

.ajjIg ia. 222 j 170 (j;U ^jl 
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(J j'n xi ^jUj-7‘3)- (JaUJ- 6‘3] gJ Jj ^lllxk-al ^ L-UjoiII 

c> <((OC10)2-spiro-PFV) [ jAiiA-7‘2- J^jj%jj^-9‘9-( 


* • . \ 24 - * • ^ 

AjL^J £ifc . 4^uUa] ijj9jJj 3 i** ^ J).^ Ia_jLo^I j 6 4j 4 g\»**^\l 4^^)JjauJI Cljl^LaJ ^21 

(_£ 4ilix-aj LiF/ A1 JLojtjjujI <_£ j 6 70 — 75 nm (J1 > <o\l ^3 Lij jjJa SJliill <iiUI 


£-0 j|jjJ C5^ .A^Uall 6*U£ ^ic. l^)Aj£ I^JJjlj tiijLauJI jJI Aj^ij 4-Ixull g)j 

aIiaJsiC.] AiLLall a$.la£ ^Ic- (J J • MiEH-PPV (_£ j4a-all 
(OC10)2-spiro-PFV t> ^ 4l<J' ^ 1.30 UjIjuL 

aIaII ^3 2.10 IajI^Lo AiUall (Jjjaij &$.li£ Cj^j (j^j .50:50 4 -iu.uj MEH-PPV j 

MEH-PPV j^ul^ 


C5^ J] i _ 5 Ac<! J dll j jI J-Q (JLaxJjojI 

4.x*s.jJall tiilj ^)jai3J * *I«£U jVl » t)V I 

JliSjVI c!jL^.^)J (7-3) j-<2l I J jiiiall 

•PPV 


PPV lj) jjaJjjJ » j! jii uU jj : (7 - 3) Jj.i»JI 



T g rc 

^)-uu]^21 

125 

45 

MDMO-PPV 

56 

68 

MEH-PPV 

56 

108 

M3EH-PPV 

126 

150 

C 10 Aajula. 4li_Jjai £-o PPV 

124 

177 

Jjj j jiilJ J J;njuj dll jA*^j yj Ja*-g PPV 


^x-’lij MEH-PPV V jl jjl .isl 

.jxoJjJI (Ji.lj 4 jj_j1j (j_j^j J] (_ jtijj dLiLuu^jj^ ls £.Ljj-10‘9‘4‘3- 

1 99 • * * 

. AiUnll a^li£j 4 j-g 1 n^i Vi ^jjai^j A^JjoJI &A& j 
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PPV/MEH-PPV dAjjjSiyL IV s jjiill , JjJLjU^jVi cJjLA V=> 'uj 

197 ■“ 

(J > -dVi . ~ dlljjjJ^IYI (Jliijl jja-lj ‘dlLijJAu^VI dKflJ (J-lxx Aijj 4_lliV (JjxjLui I gxjjxaJ 

J 'd il t^_iol£jl C H) 2ajl 4_lajall^J Ajol 1J j )]I 4_LxLalllj (Jj jLljLx^jVI 

^olV (jl . ^gjail - ^Kq~' £jjj ‘ ' 'I ij'n . . 9 .’ I (J3x-a jl (^da^iixll ^jx . (13-3) (J^ "‘II 

t> csi^l PPV/MEH-PPV— 1 (^V-jll J-JI X dlkiill 

,_V1I MEH-PPV (V l iKiill l (Jxl*x £jVj tly^ ^ s 0.4 ns ^jVj Jj jLid-^jVl 

• 0.65 ns 

O(CH 2 ) 10 ° - ® - ( a ) - o 




' — ' N— M ' ' 


127 j 


4j«UL4«Ul]| f|j) £jj- Alaxiuadl JjJLjLluSj) dil-i^j : ( 13 - 3) J&44I 


Ajn.a'1 dll jjg -dill jSl J 4 jV ^jLa I_y al _V JC (jJ3 jJdll dll j (jl ULLui jV 

.* 

c (_jjl3-a]lj j -2 ^ j'Q^ll a J\ dl ^3 jj ^x£. jgV dj ( (jj3 aJ (jaiLoil ^ It"- 

(ji ^jVI (j_^a£ (_3_V (j4dj PPV JxV j_ s V Vilu^all AV-a^all 1VV1I ‘■"'I jj* •>"' (jl 

V'jjj’'.'" _j}l P'K j5q’i l’ilx>i i—ujoJI 13a .-VjliVSI Sjhll 

•*•* * •• •* **12813 

a j22 ‘VjjLall a jl.21 ^ (j_jx£ (jj__)2 jVu Ajj£j2I b3a (Jjaj . ’ ^Xaj ] Ji 

.Alall 1.2 Iaj^S AiUall Jj^V^ ^2 SaliSj . 900 mV 

(jjj3La (jx Aj j5x La -d. Jl 4 jj^>x ‘■"’iKn'Ti ^-da j (j£xJ t j;VI diaj 4jjaj JlxxlioiL 

b3a dj__>^. dl • dibjjVVI j'w’i l «'*a ^ (Jjaj ^jUdajj JaVl i_s3c. t jjjjjl 

w Ai JdVa PPVj MEH-PPV aV V AlijVl 

^Jl I n-> dlljjjVyi J^.1 <■ 4" I A ^ j_V dll 3 tljj jda AjlV 3^“ 31 jx j jxdaJ 

Ajj J^ dll 4 \\ -v’w.iVI Aaialo dlls JJJ ■ uSV I (jj£j .'lie- dll i-a . : 4I 4jUti (_Va3 AjLsC. 4L^ i'i-n 

di]3j aV-aJ La ^Vl Ajldu cj*^ aJ-daAiJ . a^xdill ojxkVI o3a dc- dl)3^ 

1 ^ * l~* Q i (jl ^gJtd-J ^dll AbLoiaII ^A liA J oxa3xjl .Ll^jixxal ^^dlVI jl.dl'V I (J V 3 2 * 

(jl .dlls (_jdiida jl (Jlc. (Jjx dll 3 Aaiaix ^_3 Aialiill ^ .Jr2~ (jl aJj3 Ai^VI (_)x3^ 

• SjV^ 1 421x3 (j*.'^j Aaildall jljxi] ^jj^l 
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Laa j ^^11 U.)y jbU Lq ^aC- AjojLoi^. AAjlAaljSjj^All dA^jjg VAl (j! 

^jjjLjjI ^Ac. A_m-oll AjjoiajoAI L£UJ1 L-Lilxj (jl ^Ac. ^islj . I^.'.ia. W (j-o^j ^akjni 

La CjLc.Luj Sic. ^ IgiAAfk j-oc. ^jjj (PEN) (ciNLiij (j^LAjj) ^ j^j MDMO-PPV 
. 4j3jL 9 s>U SjIa Adix-saJ PEN (J-oxJjoiJ La^-oC-j . ^)£_xA AjU^I ^ Ac- 


(<jxLLa ^jitLa-p) jja4jj (> LilJVI .3.5.3 


jxoJ jJ (Electrospinning) Jjyu PPV ^ Ajjjlj l-aLJI ^lik^l jIaj 

lJLJI ^jjj£lA 4..irfc.jq) ^Ijj^I (J^)iAI (J-ojtlLujj . ^Aj*\.^ (J^i^-A PPV^ J 

* > ' S> > 

lSjiaAj . j Jjk_« Jliijj .(Electrospraying) <^j1jj$£ 1I Jjill 4m5u 

* - > # 

lj| j tAaJ-oJ S^iAafljl aAjLjj^I CjI W t,1\W (J» Vi .Lijlj^)^£ Aj j^-xaa S^)j| (j-o 

^c_A! AjjSj La£ djl_^iaall V AjlSj^a S^iiaall A.^. Clul£ 

Aic- AjjI A_^ALxa .Ixjj . 10 kv A_jj^)a ^j-o qj-g£ (jAAaJ . (JjLuj 

.PPV lJLAI J] PPV j^J aAjI* a^p 180 


A_i*_AAa cA jjaAjj/PVA cg^J^ JL-o^uh U^. jaIIj ^^lAl (j^-oj 


^uoiLo ^.•n.a JUxIaLj L_fll_AVl Li^^I^S^ja l. ^j^AJ 


132,131 


PPV jaaJjJ 


-iLiEAA ^Llll c-a : ila lS^. aJjSII SiLollj AijlLo •cjjjis jg.>A jl jjjfU] 


^j-o <Lc.^ixxa-<AI Au^^-oll Aj^AaII c_flLJVI (j-oj ^PPV/PVA (j-Q aAjjUII 

^jjiai Aiib si^ La£ L^x^a LljjjI cPpv/meh-ppv 

. 133,132 


<^1^. ^)9x^aA,ll ^jJa^.Vl (j-° (3^^A ^2 j13 Aj^jIj lJLJI ^Lllax-sal c (j^] 

.Ajjj^aJl j Aijjjj^lVI CIjI jjg V'Al aAaI^a CliLlniaJ AjjjUll t flLJ^LA .(JJjVI 

(u jb‘3 u A^ -p ) (>* sjXfjLsSn .4.5.3 


Ua_^a4o U v 'i"'-i.l 4 aVtX. ^ (^llj 4iojl PPV ^ 4jjjlill ^—UjljVl J» j-'"' 

. ^ B ulk 41a^-4l 4j jlLo 
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^ ^Lu&Yl £3 ja Aj^jUll L_ujljVl £3 j 

Aj^C.^)a1I ^j-q AjAxJI Alij^J^)£ll Aj^jlil! i > njUVl (_£Ajj j 4iLi2^)SI dLaiLuj 

I^Sj Uj £XgJJ C5^ lM JAj^I ^jJjal^lil 
i^jljAl^. AjjIja. j 4-iL-aj-o • 

4&Al^. • 

4<xSJ^)-Q 51 jAxj • 

. (J ^jLg A^. J! A-AaidLo 5iUa J • 

^LuoC. ^2 6^)jJa^0 PPV ^j-Q LiliSl^C- 4 Aj^)£-G 4j^j\j L_liAjl (JLoJtJjall AiiSj 

AxJ 4jjjUSI L-UjUVl 6 1 a (JLgjCLujI cASa AxJ 4jjAj L_Ujlj! ^j-Q V Aj iS-lLO jSl 

. JLJ] fijli-oo dll ^JuAl ^2 L_1AASI ^j-Q Ajjjlj C ll ^Jfcol^s Iglnxidxl 

^Ic- Ajabaijj-oSI l^LlLo $.IaI ^j-q (JjJaSl <j| ^1 IA (JjLq-q dl J)jg VlSI aAA $.IaI (jl 

^JLsuoiV I (JS^J ^)^)^liSI ASLSa ^2 Lai j-oLo Ldlidjl Ad j . Aj^Aj l_uAj! (jAjoil 

(Ja^AI ^j'S.da.i (J-olx-o a <a,c. l.jJa ‘,1 Aa2 i4S,^j . Aj^AlSI l_iAaSI dLaJjai^. 4 * iuni 

-IAAII dtxLijai^. /jAxu-iaj (. * inn \ 


cAAd .5.5.3 

pH <Lua j-4^J) ljLuo^ .1.5. 5. 3 

jmj . 133 PP\^ ^jjjLoal ^Ac< pH SS ^jjjLat^, ^Aa (Jj-aj-o ^Jj S^LuiVI d^)^. AaS 

la^^a ^~s^SI 6^)jar >/i dLai^-o (JLaxJjujIj pH SI _j!a<Lg ^2 4.AxjJa_j^ftll dl^jjjtliSI A .Qjai£ 

jLnll ^ SaLj dlaa. jS Aal .Ac-jILg AjIuj 4<CnIa dla.ulaj ^2 ^»L<uAI 

.AALg JJU^J PPV (j-Q 25 — 30 nm 4Ai2^) ^jldsa ^laj^jju Ale- ^^JjjJaSI JdJIj 4 ^AjlSI 

.pH A.^jal £jlj ^AjjJaSI JAiSI ^ixJ uj 

^j-a J ~> a\\ ^ pH SI Aj ^g-JjjJaSI ^)ldiS Lg A^ ^11 4.j.^a^k A jar \\ Cilia AaJ j 

ja‘i x mjj sa^j j!2^I 4 10 14 A £y* j& ^jI*JI jliiJI .9.5 J] 4.5 

0j\iiiSI . o -0 ^jj)*^>SI ^)l2lll 100 (^j 10 

.pH SI A.^ : ia,S jli^l a.,\x..u (14-3) om • aLISj <Loij£c. 
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jlifl cdLai .2. 5. 5. 3 


^Llaj ^9 (JLajtilui^U L. iujLLq tPPV (^y* cfj xii y j ^BDA-PPV ^jl 

NO2 (jc- L LuJ^ll (iiljj 6 (17-3) J< ^ 

. (15-3) Jisll ^ Aj^xo 



- 1 J^fLal (2.2.14) jlLiuujLuiSji ^jUj- 15‘2) ^ S jjSiail : (15 - 3) j£-uJ! 

29 (BDA-PPV) ( 0 && 6»y-19‘17-6Hj3-17‘(20)16‘(19)l 


<jjla!o till ij t (jjj 4 UI n^ll Jjc-liall 4 ^ i , A II 4 jj,,i-v'I Ls _hll (J132 

jLoui dlli <2 jfLliljol jjl£ J L5 lc. t-'U'U'l oJiaio 4_ltic.l £ljJa JJ PPV 


. 4_Lkl.ilo 4luAi 
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NH, J CO J N0 2 QA JS a ^ajl^dJI jliii.1 (_ JJi dl 

4,jL.^-jjdl i , d'" 1 ' cl^Jj jldall d! jUll (jjj (j-o - 4 qVd ^ dd__p SO-, J 

(16-3) JiiSI (jJJJ . j\jtl\ 1^1 4 ;‘l anl 4 \\ -y'\ i ill lillij 4.nu 4 NO, jlil V] 

. NO, jdjll Wj 

T = 75 C ■ 


1000 


3 


■y 

3 3 


100 A 


10 100 1000 

N0 2 ppm 

29 no, jj £ jj 4jU1uiV 1 : (16 - 3) JiuJI 


jjLjjslI .IUjiS jl did. J £-0 PPV (JJlLull 4 jj3L*j]I dl JjLdjl jJI fj\ 

4 jddjJ j 4jiVI dldjajl J 4 J I J 4 jjj . ,V I ,Jd 4j^jd*JI a J N 1 4 dd] duild 

jLoba (J£d 4jda ajjgdill . (JjjjI ^jUu jjjIj 4<J IjMljdlj 4 jdi j 4(jj_j]jjll j 

4 4 -d . .1 jjdd ^1 . 1 min 43 C 41-0 ^jdxi]l 1 ^ 4 >,» ' ^jc, djj 4Ad-ii4j 4-ilLuo 4_uAd 

• e-CYl 4j^la j )]l 3 4ad]Lj A.^j-dll al^-1] ^ -,11 ( d a -5^) 3t - J -lie, 

AjuIaaII <j«uLi 2 dLuda .3. 5. 5. 3 


0^1 oJI jdli (Impedimetric sensors) 4 juLaJI ^US dlluaJa J*& Jld 

^jLoudl 4 nl (j-al^dl dldSloil - 4 ^ i-> . -- £-a jj .~ a \\ 4-JjLj^)^£1I 

. 08,137 4 jal JLaaduL (Jd-all ^ l-i.,ll dl j 
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R 4V'l yj? ^ 'il Rq 3 UJI AiJJjJ . 4, 1 vtlH ^j-axJ j-AjJt,‘u.;'l ^jl jV I L—LojIAaII \a 

'. 4j5lx]lj ^jl (j jjlij (j2 J {/ (jjA^ll Jj jiijj I o.1aJ 


(1-3) 


rJL 

I 


. Aj ^ C . jl . lc.lj jjjtLJI £> j & Jjj-gj ( j£-aJ 6 U J u >^' ( 3 ^ Cln^k ^ 

5i£ylxJlj (/■ ) ^JU <-U.12k A..1X..1.U ^JJX^'l (3^ (J, 3*>»J 

u(t)=U mia cos(27TVt +</>) 


qhA'I'S.qH <j£lj li(t) (jl .A^i-»-£all (3^ V 

djljLoiaiS . V^a 11 ^l.vi^ll tLjfSlL 


u (t ) = U max exp(/2/zr/ ) exp(^) 


* O -0 ,^ ^JjJj (_£ Sixl\ (_£ JJjoIaII ( ^3 (JjAJ jAj .(JjSkc- U (t ) IjA 

> * 

L_Sj*J l_Jjl.Vl.aH jlilt jalaj .^Lj^ll jliillj (j' 3 * 1 "'. 1 (jj-2 ^J**- ‘-* 1 4AiAj jA^H 

a £> U]L jj ) - S jJtj ^ J&j <*Z AjuLaa ]! ^ aIj ( 1 - 3 ) ^ l ^( j *- a]l Ra A-QjlLall 


(2-3) 


z(0 = 


1/(0 

/(0 


“Ula. ^ t5(jA3 .^JjalLuj'il 4 jM ;j^H dll (JA JjitH ^ AjuIaaII L 4 iLa^ (j^Aj 

“ CjuIaaII j a £2 A 2 ] l!La 4 aau ^-3 j i Z — /? [ _ 5 ^ AjuIaaH Jj jY'i ^LlAjl 4 a jILq 

4j*aJI ^ C 2Lm. iZ = —l27TVL <21aa <11^. iZ = —l/(27TVC) 

-■iY'l ;j^H 4~u>.i j^Vll R j iVil ij^H 

. I j' 1 X 1 Aa jI£a 1I jl ; ^ jI£a!I a jiaj <juIaa]I (jA i’a^ H a J j H ^_a*aj 

. I jl.j.^»"i-sl Reactance 42]l*ijVI jl i(J*iia]l cs^'y 2 “^jLa^l ^.rjV'H e-3?-^ 
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^AjuLaaII jjjLj 3 dl ^3 . jjIjaA AajIjj^^II AjuIaaII A..)x.i.i AjuLaaII AasLiIba jajSj 
^ jaj ^aljll ^9 jl ;(_£jLoia11 (Jj3 ja l^d-sajJ jIjaII dldj^il j-saLdiAl <_£j^j 

ji 

jAJ AjuLaaII jjjLaajj to jjg V'iW &AA aV I AaIaC- jjxj . (J jLaa]1 

. 141 0jUAI jJhxJ j-a^\di*jjl j£aj jJJJJAAll 

AjuLaaII AjsLilaA jA AjuLaaII jaIj 3 dLdj £.ljj L Vaj ^411 ( ^jaiLujVi I-Iaa!! jl 
j£l j cAjIijj Ajja^. djl^nlaj t Igf uxAjui^. c # \ ua\ i dLuaTJ! &4 a J Axid .AajIjj^^SI 
^Jj t, <a.1g.‘i dl jig Vil ^aJALdAI jA <9 jjj la AjuujI j aJAAG cilLlA .Aj jUIa ^Ld dL^._j^j 



^Ac. (_£ jLuiaSI £_djJ . jLoia ^aUaj ^^jaII I.'i^aa 1 KmU LloJ^a^A (17~3) (J^dll 

dflju&\l jjla jdu (illi ^Idl^ijl L^aLdLd l.g.Lld A jaII dldj^JI j^a*.! S jj£j 

. jjjjjAAll jjj £31 jll ^ 1 jail A^Lj^I AliljlxJl j-alj^. ^3 


o jj^'ia dl-ia. j ^A (17-3) (J^dil ^3 j^jaII ^JAx-dll ^3 AjjaLaVI dlA^jll jj 

cAjLa c. & jig Vi\l o^A JIq (JIaxjjoiI (jj^. d3 . dLai^. All Ajlij ^3 (JIaxJjoiV 1 

* 142 

*bl j : ) joi2kJ C- ,*Og j jjljll ^ddll jd jA ^JLJl jAl . dlp!>Ua]l ^l.djl 

(_£ jLoIaII jjj dlc.1 j3 J jLalA ( ^Jj Jji-a jil j^AJj i AjcjIaaII JJjUal AjjliJI dlltl^fc A 11 

j 139 

cjlj Cil j jg . y'i JLutkJ ijj^. tljl-ac. . y 500 nm J] 250 (jjj ^ jIjjj Ig-^jc- 


4jjoiC-i ^jJc. ai 1 ^laia.VI ^aJt J (j^aL-a^sjl Ujljjja (_£^)aJ 4_a!ala tllliila 

- 143 Jn^'l 4jLaC. «.Ljjl lillij ‘ 4 iij 
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AjjUall CjUsUlIj -6.3 

(9-3) t aj^)\ Vi\I j ^.LqjojI (8-3) 

^ l^-iSj CS“^ 4 j_jIaj 1I ^-LojoiVI 

dub n .7.3 

•MDMO-PPVj MEH-PPV *1U ^ ttlSJ Jj±+ "J JJ 3 jLiVI ^ <J 
UjLaj S jijUl ( du b 1ft Alia! : (8 - 3) 

PPV 11 dlljAAjl^J 


BEHP-co-MEH-PPV 
PSS PPV -co-MEH-PP V 
BEHP -PPV 
MDMO-PPV 
MPS-PPV tf .jU2 jJI jcL. 

PSS PPV 
BTEM-PPV 
BEH-PPV 
PSS PPV -co-MEH-PP V 
MEH-PPV 
4jS j W J MDMO-PPV CjI^uuIjj 



PPV ij JA-1 ^'jjl tiiliA 


Sigma-Aldrich 
Sigma- Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
Sigma-Aldrich 
H. W. Sands 

J Covion(Merck) 
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£*! jA 4Jjl jD fUu&l : (9 - 3) JjtoJ 



ls 

Bayer AG. 

Baytron® P 

( cAAi! -4‘3) J Cy> 

DuPont 

DuPont 

Luxprint® 7144 

118 . - .... 

gHJWJ 5 * dab jja. 

Luxprint® 7145L 

118 

DuPont 

^5^*3 dad Jia. 
Luxprint® 7151 

jILq ig j ji a 

Luxprint® 7153E 

jajjjldl CjljlSjJ .a 

Tegoglide™ 410 

( yd.-S ^’n . . j yi ^ -* yj yd 

Tegowet® 

~ ^ ^jbui £ \ > >i^ limll jjjjl] ^)Jaj]jJ 

DuPont 

Goldschmidt Chemical Corp. 

Goldschmidt Chemical Corp. 

DuPont 

Zonyl® 7950 

j cLa ^idajdl jj yd (_ya3l^ 

Zonyl® FSO 100 

(_£JjLoi V jail 

DuPont 
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‘(Capping agent) 4ikij lW*j JJUaII .4 

• <j£4 J ® jV -jail ojjllajil .5 

. (3-4) (Jj-iaJI ,J <jia! j!i]l ‘ °^i 41 a»ajaa 1I dU£jAil 

JLastluAj Jjjjoll aJlcJ .1.1. 2. 4 


“CSaljjII Jl jliiaVi J ‘(_£j~J dldoljj PPE ^Ja “dj J ‘jjljall d.1 (Jjajj 
jl tdlaJjAall (Jl jAafljl J) (JjaIIj ‘“Uasljoll Jj jUfaVI I2& Jad . dl dnl Jl Jjj 

. Ajjolil ‘ o» d (JiLo 4 jjJj 4 jjLijj 3 <j-£alja-l 
dl joa jj ja (JLa-ilj dladl Jl Joj AjSal jjll JjjAaol a Jdl Jol jlall JiaTi 

. jja 4 jJI ^3 CiII^aII ^jA^jil (JjdAJ (_£jdl JlLljla (JoajIij .4L a La11 ^3 4ajaUa 4£jjjaa 

£JjjJ Sjlc-I (Jclid ‘ «~i' jll 41aLaJI ( jJ;\JI jllj ) J jj dladl j Jc. JjAaaJI j£aj 

1 £jjjjll ojlc-j (Jc-Uj J . “ SjaIJI Jclij J tilii j l Villa jll (JaLs. Ij'ijq o_i£ja £a 

Ja dla J jijall o_i£ja 1 I dna. jjAaSI (JauaLa Jj PPE Jjjiil ‘ (JjlJ dU£ ja Ja PPE 


.PPE _JI J 

Jaoj .JjjJ 2..'\^ jUi jl TMDQ <ildj (jjao c^jjjlll ojlc-l (Jc-lio 
jjaj-JI j^AuJ Ldji TMDQ ^jauaj . i4 ja jjtid Jjjoa 4A^° JIjj-6‘2 Ja TMDQ 

o_ija 2I I.J . AuJ jaII Jjliioil A Ja£. aUil jUaII ^3 oAiljj Jd^All ^ja j^lj .jgJiaJI 
^3 dljAojjjAll ^JjAaa Jj ' ; '' r - -TMDQ Jo JJ J 41 I jaII (Jc-lioll Jajjd jLil^l j j ; 

A > 

AiLjaj .TMDQ (j-ft CllljjJjabQ 


175 



iAIe-IaIaH ji ^all ^»S1 Jl o JiL j J\ ^Ljj ^LaJ jk'-u^ ~ c^. a .iLl ^jc-lij 

•TMDQ 4la£ sjbj J\ p 


4j1sI jU! ■ » ; 4A«3LLub« CjUSj^ : (3 - 4) JjJaJl 



L_lS^a]l 

22 

tilnlLall 

22 


22 


23 


24 

^jjj-liA jjjKul 

24 

^jj j^jA JA j^>±ijl 

24 

ClLylxuj jj (J< Ln.^lr- 

25 

lH jLja JJJ& j 

25 


26 

lAmLall Jjj.li£jl (Jaa^i -IjjjK 


lSJ^. S-l4“iYI IL&J . 150°C LS i^. ■L^.j.Ij £^jj4l #4c.j Jc-Uj 

0.08 dig 1 (Jj-ij <Qa_j^. ‘Li.jjlj j-o (jjj 1-— 1\ 3 L..ll> nl J (_ 5 ^ c - 

Sjslc.1 <i^^a ^ L_ajUa_jl] (_1«L^. Jjjja • _ 'S j ^ 4aLjal lilj .0.16dlg ' J 

PPE jj-ojljj J) JjL La ILAj cPPE ^ TMDQ (jJ-aj-aaj c^jjjjll 

. (Jlc. u \j 1 nS j^)AjA (_£j!i^_a 


Jj ijsll CjL£j^ JLuluiL 4-\lU all .2. 1.2. 4 


^d^jl £-a (Jc-lilj PPE a£]^2j tc_kjLla^l] (J^aL^. PPE j’l JJ . 

jl 2-jj.';Jg.~ll jl jl (Jjjoi£jjA}A Jjx 41Lt3 ojjjSj cC = C (j-a j)S ^glc. 

« ' «ee 

LIS Lc ’ ,V '' ' ^ ^l^ji ^Ic. ^ILaVl Qajou .Ia^jc. jl ^joiS^jI j! ^aiaj! ji 


22 


Jillj o£3 jiii^Ll Jjj^l^-ll j t2j^)La^ill 




‘^ll." *" L'J Lg '' (j-° 
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ClLylc-lij taj-aL jl AVijIj A-alajlj PPE ^ 

i ^jLLill ^LaS] ^a.lC. ^Ac- L5 J~ V2 S PPE ^Ac. ^j-Q tAj^j.1^. 

(JjV A_LJal^. ^3 u> uLLq V L_i^Jj . 1 *_a <jl SUai-o Alil^liS aAjI^j 

.AjJaiaJ-a lAA PPE A_a.j^)l UJ^ (J 


-Lj jJug-A £-o PPE j_j-li^AI ^) -q ^3 (Jc-lioj AjtjjauJI ^jjc. (JLajj (j^-oj 

jl jIia! JAia ^L£-4 ^ (Jc-liAll . tililj^lliAll 

.A-lLailill (Jc-lAA (4-4) lS^joJ! . I^Aa-o ^2L-aJ (JjJjJ (JAia 

i^ja a j\j t PPE (j-o A21^ii3 A_ijl^j >.“ v Wj 

^AJ Ajjaiillj aJIc. AjA-Vi J^i<iV jjouj • ^b'j ^SPnxAl 4 o4m-^ 

^j^AJj . ^^^JJJjoj ^iA^j^A C5^ A_lia*lil! (Jc-lij sA^)aA (j^AJ U -0 V A . 

_j-<ul^j Jjo ^Aj a^U. tilLiA V Lo^ic-j . (J^V .^Uv 0j^j-<JI JUxlJ 

. ^ L5^ Aaa3L tA^.V A_aAl*_AJ ^ 3— iar a'1 PPE 


uijUaj]) JjaVil c5j^l JjjI jla .3. 1.2. 4 

^jLjj (Jja 6&.Lai£l (JaIc. aJ^joiI^J C_kjLla ^11 (JaVA! PPE ^) : .ljJa.V 1 ^j^aj 

22 ° s 

AJjoU . A. (Jj)1.1^tl.11 (JjA (Jj) J ' \l *■ *1^ (JA 0 J^)a AJajall^J jl C JLlud£ J_JdJ 

.£J^)jA]| ojlc-l AjIaC. AjAaxAI 


^ja^)1 ^LqjoJIj VjI j^hllj b\ 1^* a VAjI^-Ij PPE ^jx>aVi _jjouj ^j^aj 

sj C f ^ 

j . o j JlAi (j^-oJj • j»jj3jjjl£]1 ^ jjiS £-» tJc-lijj (j! PPE ^ Aliajlall 


(J-aaiuiJ . ^ \. J \.£ ^ (J- 0 Vj \.'C '' 

j .(PA) ( j PPE aI)s 3I jj ^ ^^"'\ '-I j ^ ^qIx]I I is, 

. i inlkjH^ PPE ( ‘Uuiu) 4j\ji J Cjljjj^is oJIC. ^IjjSI 
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. 4jLjSln.aH j-g (ujljU^H AjJduit Jc-lij : (4 - 4) Jl^l 


Jc. Ha] c<LaUJ^)JI 1 g“ilxnl*n ^ ic. AjjLiaj^ SjLg PPE _j narj 

.A£.^Hxi PPE 1 <LaiLuJI ( b JjAxj ^j£aj . o^)-qJ) ^Ac. jl (Jjnqll Aa 1^. 

(j-^aA^k <Jajail jl (_£ j^Ji (jl (j£-GJ U?21\ t tilij^iLaill (jJaA^. (Jl^jj ^A Ic- ^Jjo) 

>■ 

&A& (J-GXJjojJ . A i, *m^ll 4_LalLaAl (Jj-lxlii (_£^)^1 (_jjl^)la (4“4) cJ • C^li^^ALa! 

4_a j^A\i (JjJjtHll .A- 1 i*j IAa (Ja^LiLjjj AjJaC-l ( ^9 LojLujI jjjl^jlail 

. A, ilsk.il ^lc> C'\\ nKll (_£ jl^j CjI jjaJ ji ^Jj 4jjjnKiVlj Ic. jIIa 


*1£j2ula21 £j\jjlaA jA\ .2.2.4 


j)A L_kj\Jfl ^il_J (J-G^-aII C AA.il (j^)^ll jA PPE (J-GJtJjaJj (jl (j^AJ 

^j£«j . ^ aJUo Jjna ijM j I j (Macromonomer) l-a-^^i I jj-o jj ja < IL^j udJjj^ljj-all 


Ia£ .^jiL-aJ i4 n />n (j^£lil (Jc-lij ^xAja (jl^S jA (jjjliaxA (jjjjl^j i-41*ia‘i (jl PPE 
S.lli-G JJ^l jl (jjjl 3—1 3t A (jjjjl^j (Ja^J PPE (JjoL^IjoJ £A g.1 Al» 11 .li^.J PPE (jA 0jl (j] 


£a A^^)Jjola o^)aL col Aa* a! 1 ClAjl^jll (Jjaj ^IajaII cPPE o^)a1j (jS-oJ . 1 * >>jl 


^A CjIiIxaIIj ojaLII (jl (jLiJJ J • I J (j^j/unll Clil jja jj ja 


.AJjoiLIa O^JaL 
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ls 4 .."j 4^ujjJl 5i«iluJI JjJ*j : (4 - 4) JjlaJ! 



4 Q lt\l 


A ia\ . .'\1 

^ (Jjjxq j^jjK (Jjjj-o jjj! 

A. lAoll 


4.j\i*nl^]V 1 aIa jjall 


j- jj 

4^.^jiLa CllLaJ_yjl 

CluAill 

jjjK JAlo 

aiLoJi 

31 

4iAVi\4jjAll 

^ cJAi-a 3 J^jlc- (jAA Jjj] 6 3 3^4* 



(Jj I J U'.J '"' 1 4' dll .la, j £-a PPE d^>a ia.la,lj aUai-a 4jlgj 1 ^a. 

taUaa-all dLA^jl! Id'dl jjliujl PPE j o£j la ^ * 4 \ \ & ^ V- 4_lu /jj ^£a] 

^jl .^jj^njoill dl^jax ci y* (Jc-lij ^J1 PPE ^ ijj 1 L '^ ^ j-g j ^xjolj 

PPE dd .a.l.l*IL<s idjlia^J Jaa .all PPE £-a - ^ ■ : "~^' ll 1 ^jl 

.aU\ <#» 15 J) ^ iJ 10 lM' iJ sLki ^' 


dljjlaui ^IjJjlj “l£j24aa]l > j" JUSAI ojl^ja dlaj.} jljjj 

<Lla Jjj^j a£j^juJI cIiIjaaJ^I ^i<uj . 170°C Jj 144°C <jx ^ jljlij ‘PPE 


£a2i}3 4 (Jj jlljjL ^£1 (jjjjlioi tiljlii-oll jaaJ _jJI (Jaa ‘*j'jj/ l ‘4l dlajjl^)]l ^2 J’M ^ iTl \ 

4ajJj 4 4^1 _j ^ a ^_La_lj Eaa^aaaj 4 PPE 1 *LljlajV I ^j-al^aJLj la^'K"' allii 

^^laj J 'aVil ojl^a 


ga>fl .3.2.4 


A-^. J^ill Adljiill j! PPE £-0 (J-olxIill (■ * \X x«Oj 

AlLaL^. ciAlaWwl ilAjI l_l^jj . 350°C (Jj 300°C ciiL^,^p Aic. Ajlsj^g 

A-LalHAI ^Ljax-xJ! (j£-aJ .S.lm£Vl ClL/lc.lij 

.l^iixj CjLijjVI j-<JI (5-4) cJ .(_£^)Al cijl jj-gJ 
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(CiA A 41 ' : (5 - 4) 


£_i.l ^>*11 

. . '^J-dl 

36,35 

(l «j4“) Jjj 

37 


38 

Jualuo^^gJjj 

26 

(u4h)) Jjj 

36 

t n 

39 

fjjfJ (PS) ( jjjd.) 


4im . 1 . 3 . 2.4 

^-UJaUj tjjjliS Jlg c<c- jllo CjUViTij JjaVI 4liLl£ "LujIjJ ^j^aj 

.A_^.j^lll (JjAjSj Sjxtll (Jj'V‘i'1 j ' j c^AjJalidll 

4^. j^UI ^jjjIjS 4.145J jj (JISajI 6^)1^)^. (Jjlall ^j^aII .jgJaj 

. jj xtj \^ j\ jj aj aJjIjlLaII (J^C-IsaI! ^jjJajj] ^JaI^I j a!1jl3 A.ViV.i 

A^.jJ £ JaI! L y*'^\) .4-udjLaJLo 0jl ja ^ PS ( (jJjiLoj) £-* PPE £tjl JA (jj 

.» 

PPE 2*j .1966 j»lc. ^ia 3a j 0jl j-aJI oaA dJ Noryl® Jjj_4 3*jj . ^.j u^»“i'l Sjl^^. 

. ' <1*11 75 l 3 PPE ddj j » j j 24I ( jj jjI^ ) yd jg 

; <jlajola 11 <jil^ll AjjiajllyUl dl j'.a } \ ^lll dUdl ^ j ( yjj^jjg ■ ii ) j^ill y-a yj£ yd A l 

o3A ^^-adj ^ I^gl . 4 -v"il ’ill 4 uSjfiU 4_Jlc. AijLldl ^ ^~*»..'J ‘d^jjlll (jjjylH Jj\^j 

i^y a> ' al ^*11 a 1 . Jjaalll j! i-jLidV 1 dll y^)*-a yLia.V 1 ydxj ^3 4al . >> A dl yj-d dl 

041*11 (_£yly^JI dslydVl ayly^. 4^y3 ydlidl <■ . \y"\ cAldjoill ylliVl 

dLySjj i— L^aj dl j . Jl*U£U 4jlUa Ajjlj (Heat deflection temperature) 

ildllll 4 jj-v .‘Ml dl jj-o2_jj 1I jllal . ^ ( jjldall jiij ) ^gljy (j* (jjaall dalle. ildll j 

4Jla 3 Igj ^\\ .djyd^ 11 duliaj o dda dla£y* 0* dlydil c-ill lac-la <*d^ y*ll 
dla ; till 1 ^1| <3 'dal . ^ ^ 4jtlldll L-lLldV 1 dllia^-a A-o <j jlLalL (J51 dLl*ij 

• PA ^-0 PPE (j-a 4_dldlo jJt 0jl j* jjijc 
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.2.3. 2.4 


4-33 A i 0jJ>4 ^ lIiUS^JaII 3-° 0 J4C. J PPE (j4J (jjsl jlll ^ 3..'°^ 

3'° 3j4C-j ■\;-ajVLo Jjnn-N jl ttiLjLo jill jliAi. j! tbllilEill Vj Vg jl 4 

(jjjjioi :<_i3lxlll <Sjjjauilt ibl j4xul_j2l jl PS j PPE (j>-o 34 41 

gjl 3-o 3 4 j jLo _jill ^.-i-c 3-0 blnl 3 .11 ji^ll . 3j_>4*- u 3y ^ 4 ^ 

J4xul _ j4 £-0 <41.13 JjJjjuulc. j . oj (_$'■! PPE 34 3^04 ^JiolEj . ~ <31 jlo 

jj-<uljj LS ic- PPE ^jj 34°4 j - l£jl*4o 33 j-ojj ( 3434 ! jl ) 

3uil ^331 Jlo 4 jI j j j?.jj 34^*-41 3JJ444I jJI ys a j 4 -^=> 3^*4 ( 34I44J ) 

1 - :l n -ob\ 1 3^0^ .3ll3a ^j3^ (_S^?-4J -biylLall (Jist-a 34 J 444 I j2l ys - 3;ljna\l 

26 - •* * ' £ ' f 

. Cljlialj-o L_uLa. I^JLaxJjoj! Ak. (jsi* } 

25 f ^ 

. AJjojLLq i j 1 (JA AjjljJuJtil A^^)Jju1a]I dll (jl 

L £1 Clj^ylc-lij J)i92kJi ^ Aiij I J)Aa-o Clil jAi& ^ jj^4xaJI Clitiikd ^)iixjj 

(jiaA^. 6 jL*j^ (j* COOH j-Oj PPE ^ OH 
^)-aLk ^)~s. ia (JLgjiJjujIj 6(A1ii]Lg]I A^jAj^AI ^j-g S-JAlJa^llj PPE (Jaa^A |j| 

Ja j_jjA CliaAj 4jjUtl| <J3JI ^3 liluH -'ll \.'J \.'g .' 4_jA*3ll ; uiiylLall *V 

A.'l 

. ~ 4, V~-iA <33 CiUk jJ cjl j Jll j-a LS Jc- 3L ;<UaI^. 

.liualll CjIaJjIj .4.2.4 

SiiLo PPE ^ l r - 4jjli-allj 1 - >i'31 1 aLISII ^ jl j-- 1' 3-^31 - - '3 »l j 01:3331 3] 

o3 Jlo 3 * 1 x 1 x 11 .Sj 4xx-a -311:^3 33^ j"'.' j^l oTl 4lV *3'' . ollliulalll ^ 

4jxx3all (j ^ ’ill ' 4.<i 1x^11 ^33 lxx 13 t o_u__)jxilll <33-1 Si jLo 3^o 3311 4,'i3^»i 1133 3 III 

-(PCB) < 0 jjLJI ill J3 u3 jll 

5.32x11 . ^ ^)1 II 3xxalll (Jc-31 ^_i 3-^j^ 34 - 2'Jli 34 J— o PPE 3ox3oU 

33-xlx-il t<c- jik»3l djljlill o!j33 < 11 -^ 3 *• ^~* q J _3 -(_g.\;— S^jl 3 ' - ^ ~3 1 3311 

34] <^4-lii A (j-ojj (_>u3l i _ s lc. 0lllj 33 **/3' ‘* '3;- < 44^3 

A Jj443 (JX44 JX! JJ4 ^Uj 
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‘PPE (JjjAuulc. ^y^) -SaJ^) (^g-Sjl 4A^.^)A C_5^ (j^-oj 

.* JS 

ai& (Jjjo^j^jJj^JI 4_ijIj 4A^.^)a 0-axuj ^aJ .^io 0jjjj S^lc-j (Jc-lijj iAli]jj-<JI 

ClLyljjal JJ J (JJJ.11& JA ^jl-J S-lcO^I L$ • (JJJ^-jA J jl^-ljl 0-0 (Jc-lllllj 

# <ic-li!L<i (jl-llLa 1 x >ijl LoA (JjJjjoi Jill 
0A <^1\ 0Jjl^) A!iix-£aJ L_fljUa jl] (JaL^JI PPE (JIaXJjojI ^j^AJ 

•“ n 

CjUJjI j JLqj Ia£ . (Powder coatings) CjU^ILJI ^ jJ CjUJjI j 

. ^ dillnlajll ^ja ^11^. (_3^-^j 

^ PPE SI lIjUJjIj 4-i2 (_£ jl J^JI -iL-ajll ^JA ^y.\ L <lx ^ j ^aJ 

• ^ 1 jt 1 ] ‘■*41 ^ nl j Ig.I^ ciil jJI Cy tiSLlA . jJ ciiL^Jjl j 

.4_^JIx_a1I ^Ac. I \}» <a AjL-^j jj] 0-^1 ^ (J?^y-£ *PPE 4^AIxa Ail£-oj (Jjg **n\ 

^glill (_£^)^.VI CjIjjUaJI jti^» 1 .^gjai£^jVI 0-^1^) 0^ irfVj (j'sadlj A^Jl*-«iSI Jju 

2^'j 4 Aa£ Aa u^a (j^AJ 6 LS - *"^ -^V ^ 4-^JaL^A ^jjAia j J ^j^IIaII ^ < .a < \ ^ 4 1 1 ^ 

.AAjl^jll ^Al^AI ^5 S^)AJjAa]I ^)jia]l PPE ^J^fLA 'aA\ x^axAl ^g_*jj£^jVI 

(J \\y ^JUj-6‘2 JA.^-6- lS^I -2 I S.La£jA]l s^aLSI ^Aaxj 

A^^jJjouJI 6^a 12I ^Aa*J .<_£^I^)^AI 0S.A^ajV I ^Ac. ijjjla jl^i. 4.di dl j t ix2 jj 
M n ^S--£~ I * - * 1 - y ^ o ^ . \y j > ^_jl j ^1 clili AS^pjowj 

M n ,/M n 1^j 2 (jj j CjIxjjjj djl jiaJjJlj . 50, 000 Dalton 

A-a UjLni.1 j 4-vll t ^11 \ A it jIUII (JjljxaJ jj] 'll ■ -^ ' i^lj w'iVi j ja^" (jS-oJ .35 

(J ^ijlJI (jx . ^ jjU^-3- Jjjjj-cIjjj) ^U-5‘2- JAix ^U-S^ 

.AJUtJI Clil jjl jJIj Cjlc-j^xil Ac. jJaxll dll jUI dl^._jl ‘■"'la.;'^”' ^ e.'ljax J _jxll sd& 


^iui l_4j AUxIa (jj^\ JalAjl .5.2.4 

s_>aL (jx (P30) ( u.;bl.^-4‘l- (Jd^ ( _ s jlii-6‘2) Jjj 24-^ 

( _ s jUj- 6‘2 Sd£l 2 jj-^ 0|4 J>y3 4A^ ^l4i-6‘2 — j Ajjlix .Jjjja JAix ^lii-6‘2 

2 s # 

.-^i ojl_^ l".i 1 .-> jJ ’A j^IiU j»3^J Jj\;^ JdS 
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o i 230°C ^ P30 ^U.jll JliijVI A^jj (jl 

I jIjSU iS'iu La£ . 4 ^ a jlg.jw-all (j-a jjj. til jj li±) j&2 PPE -jj&xjj . 480°C ^ 

. 1 (j-a ^ 5 ^. ■ " jl a - 1 ^3 I ^jtlxua 

AJ jill alil'VA)' P30 ■‘WV'-a^a ^ya <jli la j' g ■ --» 'I A_a». jJ I^Jaj 

P30 i_iUI j! t"'' 'Van P30 Ajaic .1 (j^-aj (j£Jj -(jAJI jl JjiS-a'E 

ALli JJC. Aj jl 4^JUi_all jl 4 . 1 ^ jail .lie- jl o-ail o2a ^ I. _ '.lo jll Clll lVAl 1 

.JM^U 


46 ( oil) 13" jiaAjj t>al : (6 - 4) 


(jjAjjL&ll 


A^sjall 


ASTM D638 

gem -3 

GPa 

1.06 

2.7 

AitiSSI 

Juill ^aljt-a 

ASTM D638 

% 

40-20 

Aic. Auiil aJLLIujI 

ASTM D790 

MPa 

114 

£ 1 jV 1 4 -g^IjLg 


°C 

°C 

205 

267 

^la^jSI (JlSijVI 

jl g > <Vi V 1 


.3.4 

40000 j 3000 Lqj-^c. PPE j-gJjJ (jjjU JajoijlxJI ^jl jjj 

^^3 .Q'jl g -lie- V LuiLail jAj 

PPE (6-4) (Jj-l^JI (JJJJ 4 ^jj3jjjK1I 

(7-4) J jLojJI (J^.V C5^ PPE Lo LaIIc. tj^j 

.PPE/PS 


^jall (j-al .1.3.4 


ClijUi] ^Jjaiill tiilj 1 >Vn .IajLxjI ^3 I j)\ ^)V'i i> til 

(JjHII PPE I ^jajl.A^a^fc.Sl ^j-o lilli _jJC. (7-4) 

. < a 4 
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48 a (o44A' M)(J^ '■ (7 - 4) Jj-iaJI 


(JjAaLgII 

Sa^I^II 

<-oAaJI 

AlLaL^JI 

ASTM D792 

g cm 3 

1.06 


ASTMD1238 

g/ 10 min 

9.2 

L_ll_Luaj^/ 1 (Jy*-o 

ASTM D955 

cm/ cm 

7xl0“ 3 

^ ^ JaAJI L-lLtuuVl H-aSIaII (j-alaj 

ASTM D570 

% 

0.06 

'ic-Laj 24 cc-Loll 

ASTM D638 

GPa 

2.86 

Aiuill 

ASTM D638 

MPa 

49.6 

Aic. Auoll 4 -ojILg 

ASTM D638 

% 

7.2 

.AA&. ^ » . 1 \ 1 

ASTM D638 

% 

28 

AaC- AioJI <lUaliall 

ASTM D790 

MPa 

90.0 

s. La^_jV 1 

ASTM D256 

J m 1 

214 

(23°C) .jJa! ^sAx-a 

ASTM D 150 


2.56 

(60Hz) J>S! AaaI^ 

ASTM D2863 

% 

22 

jVl (J2 a 


liLjjil] iNoryl®731 

(289°C/5.0kg) b 
3.18 mm C 


u-ljifl .2.3.4 


L— l.Lud.1 tilEj AAC. 4jl2J^)-G ^\Ia^.A 


205 °C PPE — S jll JIaajVI & jl uj • 7^ JIaajVI 

s-IjjI (JW41 ^^3 ^a 4_xujjI^]I ^JLoia]I . 267 °C g >. *Vi V 1 a^ja^j 

• PS (jAjJaAiiljj cPPE 0jl j-o (JaxJjujJ i^HaI . jg x^nll <.iLc- 

PPE jli 6 jjAjjjo) PS J PPE (j-o 0 a 1 j-G ^ AjI l_L2^I aa! 

^)jAA!a]I A^lai-G ^3 0 _jl jVdxJ ^j-G ^a*-2 ( J^lll JJ<Gj\^J ^jIAIS ^ > 1 U*M 

si. c.U '_^j PPE y Jl *lj*aJI cii^j AjaUkJI jjj . 49 (Thermal degradation) 

i_)j3 lilli J i y Jjjl 4JJ J>J ^Auiluill (jjJj jl*Jj JjVI 4 lajl j lg_)3 L_mjj 


. 4 VXll y J133 J ^ ^ 1-. 
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y4 ^ g-lj^ll (_£ jl JjAJjll 6 jl dlU. jA y)Vj 

( ^jj^JJJjal) ^Jj^ll (J^Aij (jl (J jAxaII (Ja 9 CoAA L-lA^jll SAlcJ A_}9 AjoAj JU-aII 

ASIcJ Ia£&j » ^ )\\ >^Ti *l$A] PPE l_iAjj SaIcJ AjIaC. ^jSljjj.Vn>rt\l 

.^^aII J^)£ixJ ^pai2!fc..Uj l (. . nijftll 6 jlc-j A-iIaC- 


.3.3.4 


aJLuCIJ j£aj liUil (Dielectric strength) Jj& S'j 3 PPE esA 

ls ^ ^ jlla-a ISjLu PPE jA“d LaS . ^ (Electret) U^jJ-a j^S 

• ( jy) iAs4j ( oAujjl) tA*y (> ^ ci^ 33 ' j*j ‘^U^l 


ZA±1\ cjlitAV! .4.4 

c 

^a^II cjV-^la .1.4.4 


A-j^JjAjljJ 0 j|^A ^9 (Jj C jA La£ ^jujLujI (JaJ*AjoiJ V PPE (jli £joljAj IA^j^A La£ 


A^^JJjoLaII CAI ^JAjl^ill fiAA y)JaXJI J .^X-llx-aMI A-iIaC- xuM A^^JjAa dal^)jAj\^J 
i i^jA±^\ j Jjjn x nil (j-° A_u9lxAll a£^jjjola]I dji^).)Aj\^ll (Jja t ^Ax-ail (Jaxa ^jjA 1 » >nl 


^ll^- ( J^lll (JLaXJjojIj ^ Ax-all ^JJjoiaA ^j^AJ 6 J . ^ ^ (jAifj^ll J J 

Ax-all dj V A xa (JajoA .^cAI^aII £_£AIa 1I ( (jj^jALoa) ^Ijoll ^jC- Lja^C- (HIPS) ^ Ax-all 
^jaLj u4^] jaII JaUaA j ( Q.)Li.m£jl ) ^^1 j^ill (J!1 a AjJal IiaII aI jaII <_£ I 
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(JAP 


uiUSn .2.4.4 


AjjLq L_fllill la'Aj cillA J PPE aJ j3 iAjI±j£jj Aj!>Lx^a SaIj^I ^ 

la.l^)j9l i 197 4 ^tc« AaA UjI ^lia. . 0 jjl^)ll ^9 Aj^jJaC-V jl AjjjJaC. il ja ^ja AA^^a 
A.' ix-alaJI j L_fll_ilVI (j^ JjLx-aill ^jjjaiaAlj ^^AjjLq aI ^a Aya.L^.^1! c_fll_ilVI JIajiAjaV 

(jLal^jlijaJ AjIj^JA £A aUjVI 6Ak.JA JJC- C_ flLill Jj SjLxjjVI AA9 cAjJ^jAll 
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^ . Xj 4 nil ilr. -y ji j^Ll*ol cj ' ' 4— ajVl A^JUl-o -ll£l . ^ Si — H Jajlj^) (Jc. iS 
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<^JUca]I ^Jc. -Xajtj 4 4 jJa]I ejLliS/l Jajai (Jj.lxj] 4jaJejaLa (_^^j^i AiLja ijliA 

Jslj .(j^Ua ^^joiSjlij Jjj Jjjj^jj jiusl-y Jlo 4 j^Lim cJjSJI j\;.aVl CiIjSj-4j 

Jc. Ajjla. .all allLy£jill jx -ll-luJI (J 4iL Ja]l s3^j l^liaJla-a l! 1^)^, Jill 4 Jjj. jll i-JsLJVI 

Ljl ja. 4 'V'.^’l A.Uj^aLaJI . . 1 3j ^ j jj . jx Laj3 4jla 4 . 6 H <aL.Jal .PPH 

4 j_jJ_J]l c_sU]l 4 i *''j'»5iiiI Jiaa 4 4.jj.j4 jil i—sUJVI jJC-j -4-i^aLaJlj I— alJVI -lajJ 

• ^ ** j_jj^)£]l ^jUll (Jja 

v_i^UI LjUJaxa .3.4.4 

1^j 3 i_jc.^p cliVLi. tilliA - 4 . '4' 4‘iS-i'j' ^TjiS-i (JSjoij c uiijl PSj PPE <■ " '' jj 

•Eajlia Jc. _J-^I AJjjall j _JI jjj 4 jj£ jil] 4 . 'g lit c ^ la-U ja e-UaC-L 

- 4 ^ HI 4 . '’'I j. Jj ,*,.>1 jj jl lAJlc. ojt^pk llljj j .VlC. jl(> i^i'iVI jl (jljla.VI 

^Jc. jala jJI liilj ^Jc. 4 j 4 - 4 . J jj 11 4 , 1 ^ III iJlilllaJa 3 . ' ^~* g ' (_£ ^ja. 4 J-aV I 
jV (jVI J-Vl jjj JiS .i**yi ^ Jl Uaj^ JjV I jV 4 4^0**, Jill 

Jt 4_ljLaJI 4 . Ul 4 ,, '1‘'U|J' (Jj^. 4j jla. 4ilU^ ijli £a J . 4 - 'M jl jj 4"'! nj. j'l a II 

4_ljlaJI 4_J]| 4-'1 ‘U'j 4 (J\ j. J4 <J| (JLajjll (_j^a. La ji.1 (jaflljlui 4il]il j 1 “ il \\-s. jJl^JI 

. jjiuijill oJic-U LS lc. 4_j^13I 4 j 'I‘iU^ J| JlsjjVI JS ‘■"'' \.'^ j" C " cs^ - 

. 4 _'3' 4.’Uj.^» 1 jl j^jV'VI .yuaS ,jl ijlllli ^0 fjjJI ( jj j y 4 44 ) J Ijjll 4 . & Jj 

jx 4^3 Jfrf' • r" ( jjllj-ljl jjjJ ) Jl j ■ rl jjajl (_£ jja. . 6 H ^Jl 4 ai , >.1 

4 jj.44^4 II Jla. Jjlia j-aj^>J (^C-Ljj jl 4 jUS jVI J ^1 j^)J (_gC.ljj j ' 4 ^ 4^ III 4-|l‘Ujj4 

c5j^j l 4=^ ^ cJ - A 4^4 j ( j4] J4 ')-l«j j' 

.^tij (J-ol jC. CliliLjaVi (J-oJtlLaiJ J l_jjl j-q . *\J x AiLjaj 

iA^_mllj .PPE ! 4 joUj^) 1I 4-L.tiL.till SjjoiLixi 

60 ^ £ ■“ 

^jJal^ll ^j-Q . ^jjIaII ^jjlj t ti^sjl C1 jIj£j-g L_ajl^j 

L_fljl^lll 4 -iIaC. ALII ^jC- A^Vi^SjX JAxuI^jII AJI (j! 
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Jju . .lie. Ai^)iJl A^_jJ I^JA bj)\^)^. A_^,j.1j .Ijni^ j^j.li& 

.AjUlII &AgJ (J.AxIl),.tLjj ijjlll AjIJjI A^JIx_a g.l^aJ l Lj* (jjfLi 

^a jjjuxll PPE SJlC-li ^gic. L-lgJII Jl 'aA jSSI J (JSIjII (j£Li-0 dujc. JliS 

ClallLaJI &.J qj 5L (jl 4 villi J^l j .Ax£Jo a^)!^)^. A^.^j.1j aJIx_a!I gJ^sJ 

. diUl jioll (_£jl^JI jl JLujVI J j A^j jlll A-^,jJl J LnLai I jjjIj 

*1 > 

AALjal ■ jj . AjjjatJI j^Loi_jA)I s^tls (_5^C. l_ l^lll dA’lJ-a u ^"' 

laJ Aj-lic. jSlj t4jjl]a-»JI i _ '« M f i- 4^.j.2 (jjiajJ « J..'.'^ dll-LttSj 

(Jlajj ^4 I '‘s j'l'l l.'j\.'“'JJ jjj" aLllLaijA (jA) .4 jjC.ja)I JJt “UijlaJI jliiVt 

i-'l'U'^ ^jic. aILoVI Ja*-^ • 4 Jill] 4_^_p (JjijaLo (JSalJ 

cj jiijaijjjjjll dilLaija ^jjlju : Lo PPE <Jla. jjAa jiil o^c-la Lg lc. <i!u*ll k_i$All 

• Iajjc-j tAjxljjiuij3 ^Uj JAj^ cs^Aj “-liliuijs]l ls^-^ A Jj\;a (Jajjj 

* * f % 

g. ^Ja,.u j (Jjlxjj LcjS CjILo) jill ^ jxAa (_£jjJaxJI (JL-aL-all CljliLjaVl 

^2 JlJJ A^]j C(_£jjJaxll jlLal jail l > 111 ^JaA-G A_1 a£ VC_Ujal]l l-^J .L_1^_I1! 

.aIaSI J 30 j aAaSI J 5 (Jl^-aSI 


•* 36 .• ^ 

l_i^ISI <Lo jILgj a Ajjljjaijl ^jxtiVn . gj^xill Ajciilaj <■ ^ I'l 

(j-o AsL-ialj Ua^^Lo 1 UtiVi PPE 0 Xj!^j 

.jLa S jl Jjai aIuiLuuVI AjjJI (5-4) JS4AI jlu .(Silsesquioxane) 



(jLuSj\ J-luu : (5 - 4) 
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J-aljfr .4.4.4 


’Liill (_^a\jC. (jj . CllU^jC. ^)]l .iJjJ i- V'g,; i_}a\jC. 0^°^ 

CjI jl£ cilljj i4.xsik\.\A (jLiic- CjL^,jJ CjI j C')\ n-s jllgJL A_aJlxA CjU ^^jj-IiA 

j c(ADC) -li-ol cIL^^ jJ)l ^jA-Jalj .^jLiaj^II (J'Vi'Ij o jliia 

(J-ojtjjajjj ( ^ja^jl- v 4 i 4 j tADC (j-o aIu-\x.a11 

• ^ jjAfill (jJaA.2k £a 4.j,IjJa.9ilj ^JJ^aVI jl ClAj^J^fLiJ 


CjlSjjIaj .5.4 

«** • 

SjIIaa j (jjjll <iiik ( (jjlj'nq'l jjJ) oAc-ls ^ic. A_m-oJl CliLaJjl^l! dul£ UJ 

CjUJjIjI! 6 iA (JLutJjail «4£3 jl ^JAx-aIIj AJ^ILg I^IajILg A^-^. 

CjI £_L a3j cASI^Ia^ £-Ia3 J cCjI jljjuJI £_ia3 JajuiJ A^-jIIa l! 

V uillil .AjIuj A_Jj3 AjLIL ( (jjlmall jjJ) j^3l CliLaJjlj ^Lq2j (j^J .A_ijj£a1! AIajVI 
AaIj ( ^Jj^jjjoi) (JjjLujI ^Ic- C1 j\ ^ nl A_^.j^aa (Jj a^A JaxILujj 


36 


1 g g a (jal Jjll 


A_xjJjuJ^a]I tiili (JA JUli^U A_lLl3 ( (j-j^).6 * *1 ) (JJjLall ^ ic- 


A_a jtLo A^,_jJ ^Jj (_£ J Jj I^jla 1 g aJ (jli cillil ( ( cjjb\j q " J4 ) LS^ C ' 

_jL^ cillil . (JLxHujvU ^IjIS ^j^aII (Jg jj PPE/PS ^ nl ^j^aII 

(jj^j ( jjj]) ^ (JjjLujI ^ic- giijlj A-Jj3 ^Aj^A 3 

Aib^ia ^jjlaJ 1 x^ijl A_i3 L_J ^C-^aII ^ja Aj13 c^IE AiLjaj . ( ^jj^n x n ) j^ll ^.a A^-aJ 

.Ixa j! ^3 c ^ \q \\\ "LqjILq j AjJj^II 


CjI jllu4! ^£& .1.5.4 

oA^a Cjll.UA2kJ Alia^Jl jl^jj ^ CjUJjIjj PPE (j-® (3^1 AlllxJI 0jl j-<JI 3 ^jj 

djl-S-j-ilaill a 4A (J!1a (JajoU .CjIjUJI ^Ja3 ^3 djl^niali] A_a^>U! A^jLiaj^II A-qjIIaII 

ajjoiLia ajjc-^I! PPE CjUJjIj cijlii^jj ^ilxjj . ^ Ijj! ja. AjJA]l aJj^aII CjL^, j\ 

.Cljl^ljjaJI A^-l.u^a ^3 A_*-al^.j 6 ^jAxa1I q Z- A.4j4^ Ajj^ ^)-aL^. A_^.jj 
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4 WaUI j! . 2 . 5.4 


CjUJjIjj ( (jjjjlj) j ( <> J£J Sjl^j-all ;rjx ^JaxJ 

djLajjJajll ^3 AiL-aV jl^G (JLaxJjoi^U AjjojLIg jl^-G ^Ljaj^U aJjULII ^ud ^ jVI 

^ •• • f # 62 ** 

‘•"'' a ... ^ i.. UalVa l_jj£jj]| lift ^jxaLi. 4 ^.^j j . 4 _ij ^ J\*\ N 1 

. 4 j’ljjfXW 1 


(jx d ll>1>iu Jx*ddj j! .HIPS i_j-Q ( (jJJjUjji) (_4 j 4^ Uj4) J Jdaiall (jx 
> * 
(J-g1 JC. (^J-GJtdd jl C djLSjal^3 j^_jl3 ^jalldjJ ^jdiiljfLiJ-4- (Jjjj-O-N (Jj-G tA^ dal J)^4Q 

^!>LqV 1 j C^jdjV 1 ^^LgI : ^JJj)>>»\l dal^q^fc a '1 (Jdldj .Aj^)!^}^. ^Ljajj 


.A^j-a^UI ajL<JI Ajud^jj ^-Ljajl ^3 AiLg LoA^^ld j .Add xJl AlijjJaxJl AJjjjjldll 


JJ-gJ J^)da <jl (Jjfl ^1 tj£h]l dJ ajdlj-G ^jjJaII ^IjJajVL L_lC.^p Lg-IaC. j 
dc- S^joiLlg A_i^jaiidll AjljoiVI-J (2)dl-fcjJl J3jA.bG.ll ^JJtdj J)£-gj t L-iLdlaj Lajlj^. 

.(jjJI Adl3 


a^ui) a^Sm . 3.5.4 

AL-alill AjjaiC-Vl-J djljjjJjai ^3 (JLgjcJjujVI £joj1j ( JjAlmflil jdj ) ^JjJ (jj 

z:q 

: Jd (Membranes) 

cJrajc.jJra.il (j. dadixJl ^j-djcJl ^jJaLlill • 

cAjjalC-Vl^ diljljtJl (Jj^ra3 • 

cAjjalC-Vl-J S jdjVl (Jj-ia3 • 

.(_£ JJ-gJ J ill dlJj^dll j • 

^jill 1 j^Aj .Aa-gLoiaII Aix-alill AjjaiC-Vlj Afl,.ndll A.L^ali]l A-idc-Vl J)AA da L iaJ^I (jjsla 
dalj Alilljj cAjjjdbG daLoLaui dalj cAjjj£Lg daLGLaua dali AjjoiC.1 ja^VI 

. djLxiLuixJl Ijcd tiUi J c Ajjjlj daLol-ua-G 
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jIjiLoiV! (jj-3 teluixll IgJ ^"u‘lj jjjSI (J^aall jC. jJaill J 

fiS-liS ^ixJLJ cLq^aC. .AaIoC-VI c-).^ A..ag..Q l " al >-> . . j ^ 

A_^. , ,'. ~' ^ PPE jl . AXa*,"u.;.a]l (JliV ^jca]Lj j a_lll Aaiij j . .4, 41 c-Loixll 


. Jjj£ j^. f^-yl AjcLoJ t. 11,0 1 aiiljj A_l4iC.^U 


jlc. Aj ilajj AjjUiii! Jl tjjjjsll AjjljjAll Aj_jg_ui jl 

j' -N. n jjti] V O^ljsl jla lillil (Luuij S-Lail AAjlS PPE ^ioJJ La£ . ^ jjilllc. 

. ^ s-Loll A ■ .41 j) ^a]| JU. ^A La£ s-Lall 


aj lUi! cM AjJifri .1. 3.5.4 

: AJtill (1-4) AJjsUt-all ftLic. jlc. ilsi 

d-4) Q = k p *pj 

. (3^*^ jlilll Jix-Q Q 

. ilaiSI Clulj k p 

. C-LAiJI 3^ A/? 

. £ LAiJI A^.LabQ A 

. £ Laixil <£LojoJ / 


<3j\jl1a3I A-ujIjj .( 2 ) j ( 1 ) (jjjliJ 4_iudj ctj 9 AjjliiijVI 

^pa*J (J£joi _jjxn . ^ i>“ ) Vi AjsIjIiAI (JLajcIujIj ( (jj\j*nq\l ^jjjj ) ^jullj 

^)4C. i CL)\jju£j^),))g.\l 3-° 6 3^ J (j^‘\}Al 4 dll ^txll ^jiaxJ jlij Aic. (_j-aL-albaV I ^IsLIa 

(JLaxIIuAj ^Ax-aVl L-Lilall . c-LaiiJl 

X X 

6_jJC- J t^jAlll 33^ L_u^nJ (j^ C (Jjl'vxa (j-a A.,a ; n^.ll AjjaiC-V^ ^ \x*ri\ 

* JS •" c i 

^_ixuj <jj I *■ . \)>}aW ^J^-P S 3 I 3 A 1 jl Cl, 11)1 . (JJL^-<JI ^j-Q 

•" ^ ^ ^ ^ /"O f ^ e 

^lijjl Ajjliill A-iJ^Vl 

^-Q A^j^iLalll L>° AijLlAJ AjilulAll PPE AjjalC-l (Jj-lxj A] 

L_)Ua£Lail L-b-u^k (Jjj^aiilll (j^-<bi <L^)Iall .<C.jILq Cj1j31^1j <jjA*-Q Cl)ljjJjl£ 
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w I J i j i Jjjal£ jl ^gjlj (j-G cj^ (J-G*Jjoll Jli] J . A!i3lj£ J 

Ajiliill ^i-lx-G ^jjjjI^j C. A-Jal*JjaiV I <jj J)\ U'sV -jjVIj 


(JIa ^Ja3 l <a»*Vi djli yal£jll diU jjjl£JI qa aIuAjuj (j£]j 

*Luaij j^\ ,4-ula£51 JJC- diljliJI 4_lLa. ^gi A_uiij L_jjjjillj Ajjliill ^j-aabjj Cs + 6 K + 6 Li + 
J ^ciiiluij tilil . Ca 2+ t Mg 2+ t Be~ + <LAuill 4 _ijI jjll djUjjjl^ll <11^. 

(jl aqa ^yLolc. LgA!>L£ 4_nla^]l ^~>^1 a ^9 Lf^ 

. 70 SL,yjB t- f jj£H PPE aJU . 69 *bVl <> 


. CjI (Jj-a9 A_lLi*J (_£ AaII £_ui! ^ 31 ,g W a IflnJal (Jj-oj ^Jt-lllal! 4..19.U (jj 

4j^)ULg] 1 dilj .£joij-g d ^ j ^ ^IiaJ , *h * ti^ jl ^gjlj ^aUaj dj (jl iS ^ 

a_jjli_xJI aJAstlLJl (jia C1 jIj£^)-g £-g PPE (j-o 0^3^ J (j q ' xt1,Q " PPE 
jl ^1 j j-g ^jI jx Jx-aa ^ U$j*U£ Jj 5_Laullj (HP A) (Heteropoly acids) 

Cj^LgLx-g (8-4) (J^-iaJ! ^jjjj . ^ ^jIiiiaII j 


AjjaiC-V^ AjjLilll (J.1 x-gj ^aLijdl Ja^3\j Lg^-gC- .^LuliJI Ax-iila.. 1 ! J^Ix.u 

Ajjliill -j 5 (8-4) .AjjliiijVI ^ LjjjLg 13k jSlj c<S^x-<JI 


•AjSjSI d_ll 5_!L^ ^k l^llc. Jjj-a^JI iS^)^ C5^ J 

.l^j-G (JS1 ■Ajt.dall ^aliafc..^ IUmi cLdali^j! Jjjt-G 


^ (jlnallj ±Ludjl ^Ij gjj ja ^jk a^jUUjVI j Cj^LgU-g : (8 - 4) 



a [Barrer] UjiUill 

€.LuJl11 SjLg 

a C0 2 ,CH 4 

ch 4 

CO, 


12.1 

3.6 

43.7 

PPE 

20.6 

1.36 

28.2 

PPE/HPA 

27.2 

0.67 

18.4 

(jiL^I PPE 


-- t ^-18 2 -l n -1 1^-10 3 -2 -1 TT -1 , 

7.5x10 ms Pa =10 cm cm cm s cmHg = 1 Barrer 


• 30°C dc. x.>i 30 x>» 
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Jliin .23.5.4 


( (JjljAiJI jLaujl (_g jl - n. 2' ilsill 3"^ 'I Jlajjl A j\aC- l <j.^i j (jLcu 

: Lui (jjSlj Sjjjauij JlaViVI 31 ^ jAjj 

.*U3I (j-G £11x21 L_uL^. Aic- JjLoJl (j-G 6 ilaill Clllj£^)-<2I (J^L^lLoI . 1 

. e Luliil b jliill _jLaLiil . 2 

£ys ^j>aq-Vl.a\l L_ljL3l ^JC. 3 

AjjlijjVI (jji lilliSj iAjjLiaiVljJ ^ |V \ 4j' il<i i ^Wn jliiSI Jioo (jla liUi] 

. ^ <J^)U!aVl'lVUj A-llAiJ Ij^ijI 4_oj5L^_o 

c^l '^l-i l ^il ^3 A.aq.a d^j^jua 2 3.3~ (2^ 2 3” 3^ _i ■ -~-» a .AxJ 

4-joiIjji 2 jfL3 2 j ' 2*2 1/2 j '' "y * " j»Uij AjjIjj 31 j • ^ ( 022*2' cjVIjSjj) J ja 

Ajjlijjl 2 1 -~ 1 "' - ' 1 3 Lij ilij i_j jL^jj 2c. j'n-a ‘*2.3”' 2'- tt *-i3j Axlu_^ 

I^A ^3 2-*JI J a '"0 ^3 J c 2 3 l1u 3 4 . >. q -n ^ JjjO jj ' V- 250 <3) 2 3” 3^ 

.2331 


C 60 PPE j u>»<i (jS-aj .PPE 33-"' 23 ^ual yL c 60 ^33' 23^} 

3E (3j j3 t( jjjlj4]l C 60 j PPE <3-3^ 2^-3 3jj 2jj33' c> °/°2 lSj^O 

o°' _3 O* Siil3/I -PPE ^al^a* ual djl_3Ljal (9 ~4) /j j \ \ . ^ ^ (. QjQ*v*^ L * U 

. £.L<2l i^ysilAJ V (jV SjJlx*>VI Cjilfi-lij ^3 AjjalC-VI &2 a 

jy^i (jxii.bt.j&i LqLxuaI (mtbe)J^ j^j ls^ ^ 

£-o (J^jl‘nx21 (Jc-liL MTBE cJA^j (jc. Aj ^ialjtJjaa] 

^3 (JLojtJjail cJ*^^ L (j? ^ 

(Azeotrope) Ejjjjjjl oj^. ^W’n (J£LjLg ^Jj (Jc.lijll 

.^LqjaVI ul^ L-ijjail! .MTBE 


AJa*_a 1I l^jLaill CIjLaJjuI^Jj (. l^lLjalllj PPE AjjalC-l (JLoJtJjall 

PPE pLaJu <j_jlLo .MTBE j cJ ijjIjx&II iLaillj Jj-saalS 


72 


j (. ^ic-l Ajjoic-VI ^P 0 
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7 ' ( (jjlmiil jjjj ) CjU-ui : (9 - 4) JjlsJI 


[%] \(jAU-:alujVI 

PPE+2%C 60 PPE 


15.0 

13.0 

JjiUtfl 

24.2 

23.6 

(Jikil (j^aA^. 

0 

0 

c-Lo 

26.4 

23.4 

cJjjjVI ditiuil 


S^U&ll ^jk^l .33.5.4 


^Ic. Aj£^)a]I jI^aII (JaXJjoiJ . Ij^JJAj] XoU. AjjLaLiJl dll ^&^a 1 I (JaxIIaJ 

. 73 ^lj^S HP A dilj£^)A £a Lj^iaJ^j !>IaL^. PPE (_4-aI 

^JA (j^^A C * nS A ^9 £A HP A ^^)aJ JJ-HPA -laA.^H ^JA 4 ^£^)a]I jl JaII 

4 Jj^.^> ^-Lilaj-al ^9 aJIx3 A^£^)a]I jIjaII (J^jIjja 0 J^)a 

(J jj IjjVI ^^Sc. <_£ jJa.u dLylc-lidll (_paxj 6 (Jjj ^j-C 1 jjj J^jjI J^jj c (-i£ jJ-dljJ 

AjjaC-VI (j-o J-lC. JjJaSVI S-I^VI PPE (JjjLaI ^jLaC. (Jc-Ua _^Jal .MTBEj 


jpUM ^-fu> jiil 4-iJaC'i .4. 3. 5. 4 


AlljjiLalll ^)A^1I (JldjJ (j^-^ tc 4^ j4 x 1,1 Jd-4^' (J^SA^.! AjjI A^JIxaII L_ljL^ Jj 

.ll^J . ^ ^ajjJj))>«oll Cljlj^iLal ^JJ^JJJjol (JIaXJjoiIj Ia^>Ij]| (£^ (j, ^ i. till 

. £.Ia 1I jLij (ih^J L-jl W^UtlVl ^)A^1I (Jldjj 

> 

. C-jlJai'UjjV I Ajjljj A_1 *aC.^U fi^jljAA Aj^C-lii jl^A AjiLuA]) 4 1 x A-jll AjjalC-Vl dU 
L-jUa^jjaiV 1 AjjL^ A_iaC-I ^4^ cJj J - !a ^-^ <4] ^3ajai]l Jc. ^jja! cJ4^ Ia^^ » ^~>jJ 


J^jl3 (J-J jd £A 


i4_i.li.liA 


J/n a ^jjjj (JIaxIIaIj 4jj 4^ 4 Ki aIIj PPE (> _^3 c-Lui^VI £9 I^a JUJ (J^aj 
A iL .SnCl 4 J!* (Friedel-Crafts) (j^l j£-Jdjs cdlij ;Jj1ajj4^ 


193 






^IiaI (Ja aJ«1xa AjaLaa A.L^oI-3 AjjaC-I ^3 (JjVaa\1 PPE 

* < 28 

.(Papain) dlAjjj] duij y Ujjd yiJ! t yij! 

jlJ <JaLaij jAj 3 jA (jjui-j 

L-IjL^j c.|jVI jlil^.1 iSj^ . dil.^nnll j dljjjj^)JI jfl.laj Ia£ tA£.jIlA -IiaIj 

(_5^ . c — ft.lla,v.3 (JjJlLo A_I.1x_a]1 AJjaO^M (_£dj ’(tlfcAO^) 0.4''^ J4 ^ (3jli ^-1>A_JJ 

A-i^yi y -l^j ^jjaljjll A.)Lc. £.ljjl Ja\£11j AjAJ^jVI JJC. A-JjaC-VI 3jaJJ (j^ 

. AktiU V Liaj^jI AaIs^a]! 


aIj jj j£l) J^Ha^ qa Alyflli A-j-u^l .5. 3. 5. 4 


tdl^LiJI (Jj-^ 3 AliiSJ J^UaII ^Ja <L-ala AjjaC-I Jaxjjaj 

^ja dJjtll ^)3 jjj .A jVnll (Ja Ia^jjc-j y_iJI (Jja H 0 O j CO2 ^^yiuil£ 

^ja asi^aii di^k-ui y i yiA 4_ijaic.v a ^^a,!^! ji^aIi 


PPE Jj^aj ij^! . ( Jjjj2jj3 Jj^'j ‘ ( doiAAo£l ) ‘ ( 

r J^ l , % £ 

. ~ <liaillttll Ajjliij'VI (JjA^aSJ ^ o^jli jiiSVt IxJJ lillj j tAc. jYu (jjjljiaj 


( jja-a^il J J i Jy^ j Cy> 0^2 C-LllIa ^llj PPE ^ j^- -iij 

(Jc-lij ^3 gj-o Ia^jjC- j l _2 ' ; ’ j - L ' ^ J L \- ‘ ‘ ^ 

. 4jjjaC.Sn LS ll (jsLai-ttll PPE gj <jj^Jt_o CjUjjjIS -o-^l J 

~j/'j' Jjjjj-n L . j PPE Jjlik-u JAjx °_>°j J^-^j lSj^-H 

jj->i V' (jS-oj .(j^Liui JAi-a jj_?^ <^Jla-o tilli (Lithiation ^ ^.^nl ^Jc-Uj 

AjjaC-VI ^puojJ jib'll' A*J .AJaj|\A3l^. A j'a* \ L_flLJVI Ad^A AjjaC-I ^J^yUa 

^ ^ > JS 

gi LllLi.j3 ^-O^JXall 4,;'^C. 280°C lijLal \ 'J-n. . 

.^1 750°C ^ 550°C (> 


^jjliil 4_; j , >ir- CjliS^)-a Cj^Ic.Uj ' ^ 
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(JlV’lllj PPE (JA Ig-llc. (^5^^ AjjjJ^^ll AjjaiC-VI (J^-^ (J^ - ^ 

no nn 

A_Aac. 3 J - sa ^ (■’* . ’ AjlSj^a a CIj iL^^-Ij 3 ^Jl i ^k I^H^JIjlaj tilli j ^ 

. CIiLaLoIaII jLxjI SjL^ ^gJj S-Lal£l 


3^V1 _J Ij^l^}^. l^iixAA Alii aOJ PPE (JA o\* ^ 1 ^ J 

^3* ^)jj»*n ^j^ajj . A.'^saa 0jl3-o ( Qj-li] j^ij-2- 3^119- N) ^ ^jVujj! 

V9 - • * 

. Ajc-^)]| (. > iliill Jaj^jjas j l ^jj^jAjl^Il 


AjjjaJjj Ajjj]j 4£ Al-flli AjJifr) .6.3. 5.4 

jVi <jjoac.t dili JjSjII \Sy^L (Jxc. Sjlj^ djL^jj A^ii 

l)j$ xu ^j ' \j * ^ j\ 3^ ^laLou]! ^jjAu^ii 3-^° 133*31 u^** } tiili j 

3«^‘0 V AjuLoJI A_i*jic.Vl (j-Q -li.lx-1! ^ j .AjjUal! Se.li£ 66^1^31 J c-LaII 

.aJj^j 3^a ^Jj Aj3j 3I Cli^Ja (313 .<*3^)31 Clj3.^p 

A_L-a^A Aj^iajI^j C1jIjj]^)£^ ^ic- 3 3 j3^'3 <Q jV^ PPE a3L*_a 


80 


cijijjj 


81 

33^ -^*A • cilli J)^\ )> J^A\ £A 3 jKa ( ^3 PPE AiiLal 

AiLjalj aia! 3j\) < ° ^jIjj-N^N 3jl^ 3 j3^ 1 ^ jV 1 -V^.a c^jaLaiAll PPE 

.* 

^Ua^. ^j3-3I (3 .aj^G'^aII djl ja^\Ij 3j3>'\)ajV i j (j^ xxl<Q ^ PPE 

j> 

A_^.j3 a3jJj^)31 AjU^j^aII A j» n . cjj.1a 1I ^).ik.nj i^ C ' *^3^^ ' l_1x-oj 

aLoiLoj 33Lk ^ja (j^Jj 41 ^-IaI^J ^3»q\l 3^^^?^ V Ai^jaJI 3liiil Alill (j\ s^)I ^)^JI 

> * 

(Jjj jJ j^)C« A_il^ oAAj tUjLai^jl J Jaj! tj -0 A-A.la.VA 

.cil ^Laill I^A (Ja A_iL-<ajA J ^jJal ^11 ^Ja .(GfOtthllS) 

ls^j • (J^IjolaII PPE ^)jaj\^3 a_vj3^>^^^ a!1 JoaI! 

. A..).\j^aV 1 Ajjuic-Vi iljtjJal 6^)jaC- ^11^. A jU^^a]! 3^3^ 
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(j-a ajjoic.! Nafion®15 S^Lg ^ j ajJ^VI ^Jaj 

d jLoJ AJ^jULg ciiEj c &l_^j Ajjlij <.4j, ^ j PPE 

* .. . .. •* ^ s # oo 

^ LlAiJ j$£ lg.?i4j^aj Aixu^-G cjlinJaj 4 jSjaS 1 AjjitVI si&l • Nafion®15 

.(Direct methanol fuel cells) JjjIjjJIj jjSjll l£U. 

AjjUall CjL&USIj ujJjjaJ! .6.4 

l^Jc.1 ^3 Aj^jlVill CliLa^LxJI . Aj^jIViII C1jLo^L*JI j (10-4) (J 

e-LojoiVl L-Jc-I ^)3 jJJj . L_i^_ll ((. iS ^ } «PS £-a 

.£^,I^a]| ^^3 AjjI^iII ^.LajujVI (11-4) ^Jj.1^.11 . A qV’i-N/a Aj_j\,V^I 


48 ia*s 

8 jSjl^l PPE Cj| j+4jl jj Allal 

h-^ 

© 

■ 

C~ 

Co 

i 

cik^U 

^tULoll 


clA 

ACLO Compounders Inc. 

ACCGUARD™ 

4A1 > 3 ^' t — fltiiS/lj l 5 j^° 

ACLO Compounders Inc. 

ACCUTECH™ 

PPE+PS 

Aquafil Technopolymers S.p.A 

ACNOR™ 

pistil JUudjoi^iU 

Ashley Polymers, Inc. 

ASHLENE® 


General Electric 

Noryl® 

PPE+PS +P A 

Westlake Plastics Company 

Norylux™ PPO 

PPE+PS 

PMC Engineered Plastics, Inc. 

PMC EPPX 1000 

PPE+PS 

Polymer Resources Ltd. 

PRL PPX 

PPE+PS +P A 

QTR, Inc. 

QR Resin QR-4000 

PPE+PS 

Ferro Corporation 

Styvex 

PPE+PS +P A 

Taro Plast S.p.A. 

TARONYL® 

PPE+PS 

LNP Engineering Plastics Inc. 

Thermocomp 


Tyne Plastics LLC. 

TYNELOY® 


Degussa AG 

Vestoran 


Asahi Kasei Corporation 

Xyron® 
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Sj Jj1\ fLu^VI : (11-4) Jjisdl 

■J J ^oll 


is jlajll ^uiVI 

t fl ■ j3^I| 


Cabot Corp. 

General Electric 

Perstorp Specialty Chemicals 

Bunawerke Hiils Gmbh 
Cabot Corp. 

Repsol 

Shell 

Columbian Chemical Corp. 
Bayer AG 

Nova Chemicals S.A. (Arco 
Chemical Co.) 

Resolution Performance 
Products LLC. Corp. (Shell) 

Union Carbide Corp. 

Fortafil Fibers, Inc. 

General Electric 

Courtaulds Advanced Materials 


62 


51 


Black Pearls® 

Blendex™ 

( jjj] (jjbu-6‘2 )(_jl 

Boltorn® (Series) 

■ - I* it) ill ^ 

Buna® AP 437 

52 EPDM 

Cabelec® 

PA 6 Ijjlxulx ( a . j Ajt3j) U-a xjlxA 

Calprene® 

- ( jj- ) “ U: 'ilyi.'.'.*. jxxul^J 

51 

Cai'iflex® 


41.40, 35.34 


57 


A 115 11 4j j " : A . x jjixjl 

Conductex® 

Disflamoll® DPK 

4jliuxj3 JjxxjjS ^l±j 

DYLARK® 


62 


41x21 .41 jjjA^jl jjjjjiwJl 4l y i. tx jxxuljj 

Epon® (Series) 

A JAl 9 L>4^ cl)- 4 4 x1 jjjI ,Jj ^ jljj 

ERL™ 

62 UakJ 

Fortafil® 

c-aUll 

Geloy® resin 

ASA 

Grafil® fibers 

57 5 1 

3/ ’ 3 i-iUli 


35 
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»j jl^II fLu^VI : (11-4) JjisJI 


(J jiaall 

t 

Ciba Geigy 

IrganoxR 1010 

-4- -5‘3)-3 Jjjjjjjj] taj 

57 51 - * 

y jaa oJjoi£I ^uSjj^nih 

Ciba Geigy 

IrganoxR 1076 
- 4- Jajj-Liijj- C5 jla- / 5 t/ 3)-3- 

Ciba Geigy 

IrganoxR 1098 

-4- Jajj-Lajj-^la-SO) 

DuPont-Toray Co., Ltd. 

Kapton® 

62 

Akzo 

Ketjenblack® 

(Jj-aj-a ^ ^ °> i_jLa 

DuPont 

Kevlar® 

41,34 . * 

Aj-al jl 

Shell 

Kraton® 

62, 5 1, 41, 35, 34 t tilji*i»a jaaj ] jj 

BASF AG 

Luran® 

SAN ^ 

Arizona Chemical Co. 

Nirez® 2150/7042 

41 /. 

jl cJauul <J4*-a t^jajall <Jjii3 

General Electric 

Noryl® 

62 - 2 PS ^ PPE & > 

Clariant GmbH 

Sandostab® 4020 

(cjUjjjjjjjj cJjjj 1 - 3 )(_w^ Jjjjjjjj) '-A 

DSM Engineering Plastics 

S apron™ S 

SMA ^ j^uljj 

Kuraray Co., Ltd. 

Septon® 

^ C_iaLull liljjjabft ^J-ajljJ 

Rhodia Inc. 

Sniamid® ASN 32 


51 
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Sj fLu^VI : (11-4) JjisJI 



(j j 


t 

Philips Petroleum Co. 

(Industrias Negromex, S.A.) 

Solpren® 

^ ^ ^gjj JJOjuj L_jaUull til JJ^a Jiaj] _>? 

DuPont 

Surlyn® 


51 . . 

(J g-^ 1 J 

Akzo 

Tenax® 


57 OjjjSII <-*Uli 

Toray Industries, Inc. 

Torayca® 


51 sJUl 

BASF AG 

Ultramid® (Series) 


5 ~ 

General Electric 

Valox® 315 


( jJjjjJI diVtiajj ) Jjj 

Dexco Polymers LP 

Vector® 


^ ^ ^gij jjIu) C-lSlxiSl ^gJj^ (ii jlkLa jJAlJ Jj 

Hiils 

Vestamid® 


5 ~ 

Hiils 

Vestenamer® 8012 


5 ’ 

Cabot Corp. 

Vulcan® XC72 



Zoltec Corp. 

Zoltec® HT 


51 s-iUi 

Dupont 

Zytel® 


51 


oUn .7.4 


jl /tlVntlV I . 1^-X.^Q (J-djtlill L_i^J J 4_<qLxjJ jl J-G CllL^^O £j\ 

. .'d's \\ 0-ig.x <J jiiall ^^LJI 
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dll y nl Adj-sall ^Ac. AAa^a jl aAL^. ^laldo <dLi& i‘* u*nl 

dc. djjdAH L_Jjljdl ^Sj IfrAjAAd L-11JJJ (j^jj iA-dua IgAlrd Cjljlc. (j^J .PPE 
<jl <^431 rKluuAlj ^ j hA'AI dll Ajj£J ^ ar/n <d343 . (jl_jla3l ^^Ac. l&jliikl 


.AjluAJla Aj^Ii jja-A jA\ i^yn dJjlc- l^_i3 (^lAajj 


jjj^I SjIc-Ij <^4*4' jjVI .8.4 

A^.jJ ^j-q A_ii_j3 A^.jd Jjd3 Jdd ^jIjj- 6 6 2 S a,lx.n£jdl S^aL3I 

A^_^.j (j-Q .S^plxA ^>a_) AjI ^jjSj V o^aIJI (Jc-liA ^jli <d34 ^AJ Aildaj .Ai^)*JI 

* 

^US-6‘2 S.iui£! ^jLstj S^aL3I c. . n ^ a^ ^.LaII (Jldaj g. I ^jJadll gA j a II 

.TMDQ Jdd ^jjSj 1$jj£ (Ja Jjd3 (Jd^ 


JJUaII ^3 ^lia. d34j cTMDQ aAIji] (j^di cdoi^jdl ^ja ^pajli (JLaxjjojIj (j^ j 

^ja .Via, a g.ldl ^^3 (JjAs ^Ld ^i^-A ^)JjAali dEA . ^ Aj^ 3431 Adldl 

;4m-V! (^Ui.-'N 'N‘'N«N‘N- jj-ol oM4 U^J CuC1 2 x2H 2 0 
.^jjaJjJI JjJ^)a 3I ^.aJa-dl jj jA 3I dllda3ld djj La£ .(_£^)dl dll Six.* ^ nl ^ ^Al 

^iaJjJ dlj^jVlj ^lj — gAI (jA J£ ^3 iJ?^J — aJI jj — &d3l g d-lda (_£ ^>a. dl 
dil jldkl dmj d3j .I^Iia£ j (Noryl GTX) .iia! J ^ ~(u.)b\) q " ..\.u^jl)^ jj 

jli aJU. ^ Ail 4 AAjIa1I C iIu^-isAaII ^\c- ^jl^pJI (Jlaall dldiiA.1 AjIuII AjajoJI 

<_£43l *U1I (Jj-aJ Lode, (jl^ll ^ n4A (Jjljd^.1 ^ja gjUll ^j^jdall tillj JjUdi V ^)^)jJa]l 

. aAjUAI AdJI Jl t_bad]| g.lilal A-i3 


i ( dlU ( ( (Jjnqll ^3 ^ja lAc-Lda a\I 0j!^a 3I (2->-a3 (jdaJ 

^jdA JAa c_uia^)j JaI jc. (JLaxIiujAj ^4114^ t j)^Aill Adiiii PPE j ( (j )Wi j a ^_ud^l ) ^A^2I^ 

86 * * 

(J jA^AI • Cj^ - ^jl'*^ll _j 6 ( (, 5 -^^ _jl ) -3 6 djjlAll j c diU jiLui 

. jiJall A-AVuA L.JJJJJ (12-4) 
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86 Cl) jJAlljjll 2 ,Ut,.,t 

cjjj jj :(12 _ 4) djAadl 


L - UJa jail (J-alc. 

PC = PVC < POM = PPE 


PVC « PC < POM = PPE 

dalijiLai hi 

PVC « PC = POM < PPE 
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4. -a^J! dal _j j_jjjoJI o3a c.i^kljl u_)j 


213 






dl j ^4 jjl ^tijj ^“^1 J^dll (_>a.ld\j (jdj -PAS (jA ^ij^)A ( ^Jjj^. jjj dl j J 

: 9 Ltk ^ cs-4>- U jj 

I.AA J . (jj^J^J-li^-ll ■ ^ J ^ \ x a) ^}dj 1 1 ^ UtlJ ^JA^^aII ^Jj (_£^ili]l (j-lx_All .^Uxl A_ld ^JJ*‘n .1 

^IaJjjII 6^)aL A_^,jJ (Jar >J 

A^._jJ (_^i PAS ^IHjV AIjIs 6_jj_jJjoi (_^l (Jar j (jd^jj-li^JI ,^jq\>n ^)dj (jj .2 

.A-lado 6^)J_JJjal S^aLlII (jA A_Jlc. 

Sj^LlI e jjjjjoi Lo-lic. (jjj <_S^ PPS LS Je. Jj^ikl (jku 

^kjkl ^a j 4(Prepolymer) jj-oJjJI J4 L> JjVI 4kjJI Jx^i . 

j> 

(Ja£jjujJj S^)aL1I £3_j ^Jj Aildaj .liiLaJI ^Jj $.Ia]I A^d Sj\j j <_£^>d ‘dliiil 

q^aJjaaII SjaLU dal jjg.dj o^) j^)Jja kd-aj (_£^)^. dlj . ^ Ja j^jjill ad did &^)j^)Jja3I 

. 15 PPS JAkjJ 

ddl .3. 1.2.5 


C(Jj\aa11jj . ^jjjdl (jjjlS dV-lxA 1 (jk^^ll^JI adkj d\d^}A]l (JIa*ILaI jdj 

(JjA CL_U*_ujj (JaIc. jl ^2L-d l4j u'ln (JaIc. (JLaxAaI jdj CL_13 Lja1aa jl idLaQA ^JJAj] jj^d] 
dlj di^fl Aj^JoC. dld^A (jj Ia£ . (jjjLjjjK J£)u-4‘2‘1 jl (jjJpJjjjK ^^JaIj-SO 4 ! 

. Adilaj Ldjl ^A c (j-lldl jj^l£ ^Ijj dld^)A (J!1a cJad jA^. jj.1aA 

jA (^-flls^l dAjV 1 ^ dldjl£Loj (_^l 6 -IixuALa j jdl (jA ^djA-all ^Lq .ll jj 

• 1 ^ A-^ j^jjaa Htij\ A_ilV 1 . ^jajI^jII ^jj jdl ujjil 4 j J?^ x u “O daA^k 

LiJalall .4. 1.2. 5 

(JjaJu (jl j c l_jjAa!1 ^'I^.jjjujI (_£^>^j (jl ;o^)aL1! A_1^.^)a ^.g,.*nj La-Ijc. C(_£^)j^)jJa]l (jA 

• ^ AaIIaII d! jJadl C- LaLaI (JajtJI (JaJjaj .0JjI^)1I 

. (jjia-a ^ AUti-y PAS (jJjSjS (Jc-lioll * 

t A..il\dl jl Aliladl dl^)JA jdljVI (jc. ^dj^All ^JJ^dl (j^)^! (_^i ^iaJjjII (Jj-sa3 • 

.^.IaIIj ; aAc-1 *C\aW ^)d. jI^aIIj 

.^.^Idl did dddll • 


i A..ia.\dl jl 
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^ Y~j # * 

0Jja (Jj^a.9.u tNMP AiljJaU . SjjjjaxJI e3A jA Clilc. jjj S3C- l_La3j j^. 3lS 

^ic. (Jjl^J A9ll£ (.Jsl jjiaj i jjAjl jjllj ^Ic. C. 4 jSS (JjLa jjla C jjjjla C5^) 

^L^.jJaxiV A9ll£ jjia]l (JIaxLaI j^AJ .aIc-IsIaII JJC« ^ jaIIj ;djl jJa J^^ jVl 

. 19,18 SjaL djl jiarfk ^ aILaxIa! S^lc-V jl 6^-jjj^JI jjjll 

. (JjaxjxJI (JjLa jA jllii] Ja£I_XA (j33j JaIxaaII (JjaxixII 6_JJJ^"J ^ J A x s-j\ j^. 34] j 

(Jc.l_9J ^3 (Jax1axja]| L_JJ3a]I iS^J 6>1-a] 1 ( ^3 iblS (JjjaliJl (JjLa jjfLj jl L_L^J 

jlaidl jblc- 4 a j3 A] jjfLj jl 1 x >>jl L_AJ i j-llaalllj jJjlill Sjlc-V .NMP (J-^ 0 66 Ja12iI 
NMP jA (JjoiC-j jaj^I Vi x til (_£jaj C(Jjaxix]I AjIaC. ^3 . s-Lol] A93 Ija]I c^ilj jA 
(JjoJlSI AjIaC. L_al\jj . ^ aj x U> 11 PPS jjl33 jA dl jja ji_i] jV I j cAjaIa]! AjjjlUl 0jljj]lj 

. ^ L-JJJ j]]lj £.Ia]I J jjJJAxlVI IaA l.Ag.)9 (JjAxlxJI (Jjl JaxJ C j.jJllA JA jA 


105°C AjjIja 4a j 3 jj9 ^3 Ac. Iaxj 13 ^3a Ailajll A^x^ll l 9j4V’i cilli 3 xj jjAJ 
;200 ppm ^]l ja jA Aii^All l^Iajja^JI ^3 NMP ji^jj jl . jjaj]jj]I ojUijjajI c. .‘ < a3g..j 
JAJjAa]I (Jj JAx ll 4 j\a* J AxA j1x.x!a]1 PPS 4Ja£ j) -1300 ppm (_£jLa Jj l^_i3 N& + j^JJj 
^\)L»11 ^IxaII ^^3 !>L-al S3 jaja]I PPS Aia£ jA AIaSI ^3 95 j-jl] a ja (> ^1c. 

AIa JA 1^14^3 j AjjLaI]! ailxlVI dll (JUll AIaJA ^Jc- SjjjJjaII JaIIj V . (JjjaJjjII 

.* * * 

2=Jl*J ^J .(_£ JAaJjill L>° PPS CIjIaJjuI^. ^L^.JJja! 1.1 1x 9 lg...^Aj (j^]j ^AJjaLaI 

ojlj^. A^.j3 ^ijJ Aijjja \.£'\kxs-i) (.2 (j-6 JSI pH (_£3 c_5j^ 

. 8 jjlill 


CIjLia^ A3Lxlalj AxSjja ajl^jAa A^.j j] j^aLnll es - ^' PPS 

^ljjjl]l L_i£jA jl ^-x.vlu . 6 ja\ ill A^3ij ^.Ijjjjl] l_i£ja JA OJJXaA 

.^.Ijj jllI jjK jl (JjlaSJj t(Jc.lilll 3 xj (J jjAjl j2l ^..n]ra]i ^IxaII ^3 

^3 (j93ll J-3 (Jc.Ua]I ^3 Ajj^IaII PPS Cll Ajxxl^ ^.11 

jl -lijfj 3ic- *^-]^ (J^xIaII l3A jjxx)9'i j^AJ . o ja1j]I (Jc.lij JA OJjdVI Ab.JA]l 

jjJall ja 1 jjIIj t j^a3.u j\ 3l3jj ^Jc-HaII ja (_£j1x!I ^ j-j.rifc.Axjj 

jjJall (Ja*s a) AjjILg t^]]3j ^.IaILj ^Ic. (3^3]l I3A jl .(Jc-liAll ^Jj (_^jl-*-]l 

13A j C(Jc.Ua1I JjLaII jjJall ^Jjlxll ^JoaxiII ^j3 c-IaII ^xjjjJ clild jjlljj . (JjLaII 
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(Jjj! PAS CIjI Ajnl'N j}^y a\ (_£ ^Jj 


22,21 . >.f f 


ai& a^JIx-oIIj PPS 1 SjL^) (j^-s 

;Lo jx£~ .Aj^)!^)^JI A_^Jlx-<2l $.IjjI Axa2o icilli ^ 1 \ AiLjaJ . L^l-jJajj 

aILaxJjoiI (Jj 3 PPS (j-° 2a j PPS (^j^^jaLxi ^IjJajj 


•• •* ' 23 •* -* 

(_£ ^£1 Jilj 66^.1 j AjlS.} AjIaC. tJj-aVI (_^3 . Ajjl^-ill C1 jL^I11a]| 

^ic. ^LjajVl s-lc-j ^iC- ^j] 1 l^-iS c_iLjaJ b^ytluiA c. QA^a'l L_Lk-aj 

LjaJ £_la£l<i ^ic- g A2 -g ^J-^aSlxa 

^jIjj-O (J-qjolJ L 5 ^J 6 ^•l.jJajVl ^^3 CliliLjaj (JLaxjjojI 

25 

• “ UJJ^A^ J UJ>\£-p J ‘OLW 


24 


(jjljlfl .2.2.5 


Jji^o ^2 200°C ojl^a. 4 ^.j.1j (jjLajll ClVjij Ijij^ a^aL 

^gic- A-jjjJaC- (jj Uu\i ^jruia A_i3Li]a-G . ’ ^jjlj) nS\l 

^Al^la!! 6 3 a . ClT + ^21 AiLjaVh -lask^lj La£ .6^)-aLlll A j\aC> 

^■k^a^V'i (jl V Jc-lllll Alii <jl ciLai cilLiA ^jlS -}£]j .AJJ.1^ S^aL aJI 2 

oAxii^Lj PPS jnjjJaakJ C(3f^ La Jj AiLja] . ^ (. ViISMIj Aj^Ic. S^aL ^ic. 

. “ Aijla ^aLa^.1 J (Jjj jiill £-0 J J'J*J j"' 


±lu£ja 11 (pjUWl .3.2.5 

^jl ^)V.1 juj 1 ciilj j, nS^flLoi 6^)-0^ PPS ^3 6 ^Jjoi£ S^juO^I 

j (J^JI ^fix.rk (JLaxjjoiIj AjLabo {_Jc-lij£ S JLuaSVI C1j^)^ .^lc-1 

5°C j 0°C (jjjj c!jL^.^j^j <c.Lo3 24 oAa ^£^<21 ciijjVI 

.Aj^laxJI CjUI^JI ^jl (Jc-lij A-loJ a^)j^)Jjai3l 

c(.\UtlS ^iLol (JjiljT) JJ CjI UJ^ J] Ujjj^^ PAS dal JJ-<uljJ J 

tillil .6 ^iSI ^JLj Ijja^JX UJ^ U -0 LS^ I^A A. •^^^- c ' AjjIaajLj 
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Laj Jajl ^jjj c 1 lO.J^ U -0 AjjoiL 1 a]I (j)-® 

(jjjjVI JJ^JJ J4d jlc-J (jj jjVi 0J_>o A>° ls^ SAjj£YI • 4^ jl 

( 3 i*-o tS ^s . .-.d,-'. jjjti (jjWill >-'■■• ^ jLilkV (jj - I ^ 7 - ■>■ <141 ^2 6 — 2 <ys 
- j j ■ d di3 j Ajju£_jAL2 I Jl <Xol£ SAjoiSI Jj'dT' t(jyim4l 

dj^>j£]l j t^Jlil JiJI ^jda^. cs^ PPS <J AyaL4l ®-d£l (Jd 
dilc-Lui d!d Sa4 55°C 0 jl^>^. ^djA 'Vic. J^4I (jyy. jjaJI ajjoi^ jjyjj J4j41 

^c-lj^)) Jj^ j\a il (J ax 4I ^)ycu]y21 Ia& Judau . ^ ^jjlm ^)-o^3 l^jyoyl^J ^ d.'A 
< id^dl da j\JLg]I dll A <dj4l Al jdl ^A (PTFE) ( ^jalAd I ^ j ^AA 

^SjIula]) CjIjjaJ j4I .4.2.5 

Ayiiui 4 yaL o jyLdsyjj jyLmS dl-l=k_jj <£jldo dl jyoy] jyddi l£ J^- 41 

* 

jjyLdayill o-la. j ^Jid .AjAylSill bjjjJjoA] ^^juiLoiI J di Jjlda ojj^iui J j 
Jlii-p ya (Jdall oAa. j ^ddjj tJyiiayijxj^jj j Jdsyjjjjli JljiiJ.ul y 

* ' • * * 32 

NMP ^3 ^ jj-liA ^ajjJj))>^\l CIl^L^. Jo Vi . 

Jj-aJ ajl^p. AAiBJ 150 Ifri/ba Jill SjjS AjI^J »l4jko AllL-aJ 

. (Jvta 25 bar -k *. ^ ^jj £ jj t310°C 

^jLuU Aj^joL A_^.jJ PPS J j4-oJi-i] ^ J^LLojj (2)/^^^° LS^" 

jjj^ ^-'44 ^ 2jj^ Aia. j>JI ^ 5 ^Ija. 

dal o’^a> £2 Lgjj . a2uuj^)11 aIjAJi ^ AiiLojj -kjl j_j cJ^^j l^jluLo I 

. 4^ .^ i\*Q <\ i ‘A^j l ^ i 4 -v \ 1 9 a l'' \ 1 <Vq*i \\ Wi\ A_isl£ ‘A a i ^q‘‘i i n l i A£jHJI 

^JjaJI .iiuiUt CjIjjaiSjj .5.2.5 


ilojjU]) .1.5. 2. 5 

A.9jk ^11 L^^)-q 4?\kxs*\ "lj <oj jlj -p C_a\.jJaJ Lo-lic. 

^^Jax-o ^jjlajx. Aj\ ^ic. ^Jj^aak..3 LS ^4^1*21 (j -0 
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lj (_J La tAiila jjl a_i£^a Ajlda] t j£d . ~ 4_2.iLa AjjUu 4jdl j (_£ j 4 j\ g ill 

d j 2Ll (jlajj Laj3 -ill jj oAi^^II 4AlJa^]l u-i^^all (jc. i Jyj j j 

1000 (j4J ^jljJJ (jljjl dlj dl jJ-a_jiJjl ( _ s lc- (J j.^-dl (jiaJ 

• 4jjla -djJ 260-225 -dj-lJ dljJxjiJjVl (jj£i 4.j\-aC- .(jjiillj 6000 J 

-4 li.Vi JJC. djlAll Jajl J^)ll ^Q'"' a j& sjl^aJI dAjJ .Vic- 


.ddaVI (THF) A ^3 ^4j ^-3 dl^Lo^i-iljVI 2 cdi 2-dd-i 

> * .» * 

<c.Luj s.i<J 330°C -ik^ ^ IxJajV 1 . 7 bar 3^*.x>a ci±^j ^ 4-*-k<^VI c. qq-yi 

.* 

^^ill a I jl AajlLaj tdEdal] dllc- AajlLc 4_i£jdl ajLall (_£ Aii . (jjJC.Lui jl 

.4j£Liil^4-« j 4oAjoi£^x 4jj 1 d. j t^aasll d^ULaj a^-vja. dl 


41 iL-so daJjli]l ^gJc- j l^jyx _ji2jl 4 ,’Uj.^i i PPS ^jic- 4yl$2l 4_ilaij <3J__)ia j - di'a'i 

ijx -iaLajl co^Lc-l L_a_^a_^o]l Idall ^^Ac. Adc-Yly t(_j£-aj jl .Ajl^jll e-UaC- 


33 


<aiida yjjuujj J«5La dli (_£jl^iJI -lidAl dl jy^il jj 


(JoLjVI dl.i^j .2. 5. 2. 5 

^■uil-a-. )- ^j-a-lj L_iil£j ^yA ^jjjaA (PSI) ( -llALui ^jjjj dAdOcs^-J^ jl-a A yl ^j-d^y 

_jA j i J jna qjAjIi: j jj j jJ- Jda Jjid jjjla )- , 4‘4 £-° diaLvjj -( cjda 

. ^ I ,.'l/\;^ jjU-a A J j\;3 (jayj 


jj-a A a.: jidj ^^3 .j A’ “~ ( — l. ,' a ±2 1 ' ' ' ^ )~ ^J~y4 ^ 4jl_da (Jc-lij 

(jjilLi -( I_jdd jda^J .(PAES) ((jjillu Jjj (jAijI^^jJ 

Jda)-4 jl Jjija Jyyyjj-3 J=yd ^ J^' cJj -A^-( Jyy^ jjjia ^Ed)- 

.(_$j\j^1\ j^JUdill 4;uj-ill ^^Jc. ojjla oj^ . 35 PAES jl PSI j Jj-ya (Jyyyl 

-4 ij. --i 31 ^1^-aVI 4j-3l dliulaJ ^3 PAES jl ^ ^jjla^ll PSI (JLaxdi! ^S-a,1 
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.6.2.5 


x j' 1 ..^"'.! AI]a j dAxnjaj]! ^jJaxJ PPS jA. Jj.l ‘ L Q .V < ^ - ' 

• PPS (jjiLoil LS lc. <iixo CjLySjj (3-5) JjAaJI .C1 iIjjSjj]I 

(^jjlmiil cjUjS jj : (3 - 5) JjAaJI 


^X-a^xA^ h^^yLo 

JaAII 

39 - 37 ^,^^ 

(Jj.luxilxli (j-o jjAla AjI^o-uI 

A ) l .in ^ Ayaj^ljL/a 

\(Jjjjj]| ALl>Ijj£ 1 \ t jjLlil q -a <£j1uxa AjI 

aUUI 

39 - * * 


C_al_AVl djlALUalil Ajlua-a 

MgO <PA) (aJ)J 

- 4j^x-aAl 


• ^ lniN J A ^ ^ ' y\ ^ j ,-A 

j!>llxx j) ‘ij -^' j JjljLJI JaUa-o 

43 .tti . • . .. 

. j^)lll ^-aj£a_3 

AijLuall AjI jjLll AjI joaJ 


jai^aJl M-ajULa Jj-isu .1.6. 2. 5 


A^xJ . j^y lA 4^»A*^al] V* A^q^ILo (^liliiall Aliluj)^gij^ j\a \\ yl ^_£Ajj 

^-gA (_£ LgAjc- i 1983 ~ ^ajoi^a] CaVjU-2 I 

^al ^ ^aAx-all A-qjULaI All V A*_-o l.g.*l4x-aj PPS ^-3 (J-l^Utnlar \\ 

; s 

PPS tiilj ^jJjaiaJ iljjAa^-o PPS ^a Ax-all <Lo jULq AllV Ax-g J^Lx-alill ^jfLl 

. (JjLx-allVI ^)-al ^a ^jjjuialil c^ilj j 4 (JLojtlLaiV I (Ji3 ^jLg (jilaal 
AilxJj . ^ A jS.nl SjxAl i^ya\ ^all (J^Lixjj 1 j ^jj)Sl.unll -laLlaAJ PPS (JjAxj 
( j! Aa j Aa3 .PAS J ^jj)Sj\jxxi\l Jalla-c J^l jllI J^jkal ^Ac- cJ -0 ^ ^j^Lajoi jAi-gV I (jl 

(J-aa-o » ti JaUa-o ^Ac> ^jj) ^ .all j ^j^Lixjj^jx 0 ^ 1 4-3l-AaV o^SiLcll PAS Alll Vil 
^Ac* Ajjlia-xll PAS Alll V il Aj^jILo A^lia-o ^AlAaJjail j ^aAx-a (_ > }-ajLx-aa cilfcbAi c_ijUa^J 
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Jal.la.Aj ( (j^Lijoa jIlgV 1 (jl .laixJj . L_ajUa jJ (Ja^ a jJC- (j jSjlj k x) J^ ^j^Ljjoa 

42 

6 jlgj-all ^3 (Jc-Ujj PAS J <— ajlia jJ (Ja^-gII jj C- (jjfLiiijai]l 

^j-g 4Jj£-g ^ ^ dal JJ Aj\ jJ JJ (JLaXJjojI ^3 (JjAjli ^.Ix-all <La jLLg ^jjjul^lll AiLjJa 

^ jJjjVI (J-q 5 -j C jI j^aJjjjj j 4 (Jj^jjouIxJI JjjjVI ^iSjjVI 

L_ii£jjll a-L^ll <a jIIa jmVn . a '1 dj-l^jlj (Jjj jJI Ca^LijSIj 

CjV-1*-a 1I £JjjJ (j-X-fu ,CJ)l^Uol\ 0A.ll £JJJ ^lill 4j-aLaJl ajJJJjalll ^^ic- ^.lij PPS 0A 
0 ^)aj 1-l^Aj ( ^JL^aJ <A\\ >tn i** i,Wj L' n*\ ^Ajj^aJ j 21 PPS 4~ijJalak J^l.1 (jjdlLaaj 

0^)a s-Lul LnlL-aJ c 4 ) JiTn (jl <j£-GJ (_£^ JaUaA C1 jV-1*-a 0a PPS ajl$-»-a 


°j4^ 


^>£j-all ^aJ ( PPS £-a dll jJAdl jJjdll -l^V dilLaJI 0 j-alU <j£j-g!I S-IIa!! jjJa?d 

a^A ^),)jJa?k.J JjjljJa Ajj^j Cll^a. . j^.VI j ; iA ; il jJ jjII dal da j ^aJ t^j^ar llfl 

0 -fii V i] . 330°C Jj 290°C <^A a jl J^. . 0 jLiill (Jdafll j^JaxJ Aij^)iall 

^j^-gj JALolLj ;LoijL^ILg Lujjj PPS S l-ll^. 4. daiddG ajl^)^. djl^.j .1 

(jjj\_i3 <j] . C1jIj£j-<i1I ^J-g ajjc- j PPS II l_aJj ^Jj jjl 4jLajj-<ill ajI^aJI C1 jL^.j.i1 

ie-dll 4 A^.ja ^3 . c4m*iMI j CIuLoli]! (_£.1a ^Jc- ^jjjIjLg (Jda3l jA $.IjjI (Jlisll ^ajc- 

Aitdal Axjj . JiAll ^JF 0 c^jjijLaall j jI^.a^ijVIj ^jj-gJjJI 0Jj-g1I I.1jj La-IIc- 

}■ * 

■A*J . (Jjall ^jc- ^2 jLjJ jl Ajc. jjj m .'" ‘ ^ ^1'.'“'-' 

V LaAjc. (jSJj -W^j J-^J <_j-^ Aic. Jiill ^VumJ 

.^liill 1 . 4iU>aj ^xj 1 jqu. 1 ^ (Jiall ^jfc ^.ijn ( _ s JU^aJ ■ i \;;-'"' (J.-^>-v ; 


jUjs jl jjajJI <li \)J \'g ’ ^jic. (_5 jli-all La. Vic. 

^l..' i ‘‘ i “ i ^^.jjj 4J;1aJja1Ij PPS ^Jy 3 Cy 3 a«j Jiall 

40 « 55 _ > 

J^joJI . c i 'j n’>n V lst-G ^jl ^ C1jIj£j-g 1I Lo-l^c.j .^JU-^aJ 

c** m fcln Aij^)iall a^J ^j^aaII ^j-g .^j-gJ)!] LxjIj Jlill ^_jc. (4-5) 

Lille- IjLiJjl (.“ )\ \f \ jjll ^Jaj .^^-Inll ^Jajuall JU^. ciLajl^GJ ^-g iPPS AA*iaL^. ^3 ^JaUa-G 

.^sLa-all PPS Aj^jILg Ajj^)a1! 


dal ^ya Aj^\j 


(*) 
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(j\ n>>qll j tCljljljll ^x-al jh jLo t 4j ^ j jj£ 1V I j \\ qnW*4l 

4_aj11a jjJJ SjLa ^)3jJJ (jl ^Julj c ^ H-a'^-iV 1 ^ijL-a-oj CL-jUa^l 

PPS .Ali^JajuJI CjI jlill j CIj! <a jILg 1-li.l^Jj 

pa ^ic- ls j-^' 1 ^ic-Lix-aj (j > u^v , i LgjILg 

/II s'* ^ 

. (GF)4_i^.L^.^1I ( — 4j£^a 1I ajLall i£ jfi-* <-^L ^1] A^Ljalj . ^ j 


.ciilisj-oj ^ ^21 c (u.)b j^j)c5 ^ j^j PA.S (j-® ^cjIj^ l ,<a *^ j 

jl ^((jASjjVI CIjVI^J^) J JJ (JIa J^*jj] UJ-^ u' t> . i>J 


dal j!1jujJ ^ ^21 l_ux*ijj .(PBT) cijVLsjj)^ jl ^ q A J ^jliiiA 

(jl cdjljj^jall \ g g ^1 jj ^Ull ojl^pJI ClsL^jJ ^ <2 j2l jl (jjinl I ^jLaII (JA"ill 

(Orthoesters) ciiljiJjjjjVl ^> 2 *-^ . 2 ja ^ haJI <ja 1212. j22 ^^21 uj^ 


41 


4_1ujI_1a djUsl^-A ^Vl 1 luLla^J aIa^-aII C1A_2^a]I j 



j-« y\ 4JV ij Jlill ^ jc- : (4 - 5) Ji^il 


^jj^' .2.6. 2. 5 


j (aiaI j1ujJ)^J j j22 (j-* (LCP) *2 jL2I cIjI jjLII dal jja 2^ ^21 j-a lS^ 

* 43 

(_pa^A^. o^aL (j-o LCP _j2d ^J^l 2 j1 ^) )aj\^J £_L-£aj . “ A x^iQ^a o^jl g PAS 

£^a L j)A jl tAi2a ^11 LjIjj (J £-g Aj^laC. 4_iila^]l 4 _aj\Jj 
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3— iiA 


^3 J (jC- ^jiaL*JjujJ ^lujj^^Jjj AAjLoi]I djl^j^]L]l 

. jnJ 

j> 

C^jjJaC- _JJC. ^JIa LS^" (J-QJjoiI lijj . (jjlj ^ ^ 3 ^ 0 ^ 3 *® 3 -^a^J 

^ 3 ^ U 1 ^_ 3 ^ 4A^.^)a C 5 ^ flljJaJ ^jl ^ 1 ^ 3 ^ 

1 g \A * ti"i J 0 j-all 3 ^ CjIjjaJ j 3I L ‘i^'S.'i .^JLa]! ^JajOLJ j\ ^J-a'NA ^ja 3 -^-^AJ 
Cl3L-a^l ^llx-iaj ^3 ^aL^, S-IiAa 0 jl 3 -<JI a^A -IxJ .CjIc-La S.3£> L_flL^. ^3 

(Jj3aill (j-Q AiLkJaj ^jC. a^,Li]l 0 ^)lg..j^a,]l 4 ^,j 3^ (j-^aQ^ (jl .A_ij j 3 ^V^ 

IAjj3a L_lx_x-a]l ^Ja tS_jjar »^n\l ^i^JI CIjI i S,3 Axa]I ^Jaall 4_Jj3 ^3 .\)9 a ( 4 ^ jiujj)^lj£j 

.^gic .1 1 ^ 1 ^. j 3 l CjI^jaj ] jii 

(j^ jL! ojLj]) ^Sjj .7.2.5 

csr^j U^J .(JjsLijjjI^jJ l> £.jj cs^ PSI L)j 

. ^ ^lia A 3 j JuiLai-( J ; iii3jjjl3-4)- (JjUJ S^aL (jc. C1 jIj£ja]I aJlA 

*^3°3 LS^ 6 Aj^ja^j jaII ^3 ^Lx-al SJ^^ja AiiLaill S^)a3 

. Jlli\jjJ -( (JA^ 3 J_^“ 4 )” (JAiJ ^Lllaj-al ( 5 - 5 ) (J^JOllI (jjJU . ^ U AAjalLaAl ^3 JJjVI 


^L^^)lj Ic-^iLo (Jjjjjjll (3 a*JjujJ -3^3^ 3^Uj jA LaiLall 3^ ^ 

- > * .* 

jjlaJI AjiLoill ii j ■ : ~ v ' . (Jj^1Lui£ jV 1 JLtmlljojlj A^iLoJl ^jl ' ^ ciL^ll 

'Uajlj cI^£a j . i _ s li3 jJ£ J jill (_5^)iaJtJl Jl ^i'u.'VK "r, j^l Jl 

A Jj\;^ <_>“^ Jc-laill ^ La jJ£ j^j ^jlac Jl^n..il < <1 ioijj j )]I 5Xoilui3l 

. 150°C S Jj^ ^ jA 
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o 


Cl 7 S CI 


o o 

v J 
c— c 

c/ 'Cl 


-( (Jj ^IJxuol ; (5 - 5) 

(op 1 ' olaLa) .8.2.5 


(JJaVI Ajajl^j Ajiluill Ajajl^) ^Ja^J Aj^jlaC. AS^Jaoa djl^))A)\^J C. 1 '> >> , .^>1 ^ 

(JJJJ .(PPSA) ((jjLol dl.'l.'\.^~4‘l- jj'jn^-4‘1) J)J (_$ I t AjjaUJ^I AAjaLoJI ^gk 

.UajaiiA Jc.lij]l I^A (6-5) Jl£ll 

^.aU-v ^a \4'“(2/Aj , '..' 1- 1 '' -4)- 1 ~°4 < s"'i PPSA ( _ s ic. J ' . >» jl (j^Aj 

A, n.'A ijc-lidi) ajjjjjal . — 68°C l^c- ^ l£J^. • ^jjajljjVI 40J^ 

. (6-5) JS ^3 (Jjaa Ia£ 6 ojA~n. S^)a 1JI .(7-5) JLiB ^ 

<jlaj ^3 (JaJUjoIJj (Jj-ajA ^A (PANI) (j] 

^*.aa1i (jl 1^-iV 4 .a^a 4^^)1i2ia]1 Clji^)jA.)\ ^21 &1A (jj • AjjjJaxl! s_flL^aj| 

. 47 PANI £-a PPS S.VAty (j-al 

(^jjaI qA±u$ -^iaI ^jaLluS --liiLai n3) £-lilxx-al i£ A-*aiij l_j jLJ^[jj 

^a^)^-A L_ AjI£j11j 6^)aL (Jc.Uj (JjlS ^-x-iUa ^iaJ ^jC- (PPSAA) 

. 4^ ^j-)lu.L°i -44- cJ-ms -/ N - (OmiL, JAu»_4)-N I Ii-j^a^ 

.AijiJI 6 <C-LuJ 24 6.1 a jiLuJI ^jI‘.Ua] 1 (jlaASikJ ^lA^J J aII A^JUtAJ S^aLuI 

PPSAA (J ijjIIiaII ^gi . ^jj^j^nll Ilj^a jJalij JAiaII Al\j\ 

.<1aJ! ( ^3 91 6^)13 JjJ_jaj ^jl3 y^-J)\ OJ^ L$'^ 

(jlaA^JI <x_i±Ia ^jl PPSAA <11^. ^ jaj CA^ja ^gic- L-JjL^j Clmj 

Jl 

^uaLaakl i** )\a»*U J tilj .As. jliLk! jA ^gjjiLaJI jlluJI jaa.^ ^jj .^-Laall Aa^.a 

JjJ^)a]I 6 ( ^gj^iLoill ^UllAJJ^k JAA^ jl k (Jja (_^^3l 

Ljaliajl 
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^Ic-laS £-U.j]j aAua^l ajjjjjau c*S jLaJl !aa jjjuAj 

Auj£IjJ cAjjS ^aLo^l J . I A^. AjjS ^jiaLA^.1 ^j_jIa 1]| ( ^ic. ' ^) ^.. u ^ ^ 

( - > ' PPSA aJI^. <-lJ^Lai]| Iaa (jn^.* n . ^ = N — 4 _i±j (j^fLiI ^ j,j^ 

cJjAJ £Aj^)-<JI ^jjjll li l_i£^)a1I IaA <jl . ^aA^k..'! ajS jl_p_jl £-a 

aia! (Jj % ija ^li-N^N j cTFIF cJ^° AjuLaill 4 jjjJa*J1 ciAjjAaI! LijLiiljail 
jxaJjJI Iaa y PPSA A jaaJjJ ^JjaJI ^jjll J^' .NMPj (DMF) 

. 340°C Sjlj^. 4^.jj cAjjVI cii^j j 4"u ^a 

(AlW ^ cP^) <Afcj .9.2.5 


. J< ,','11 ^^aHull jaxill (jx djl ((jjjijUj Uj ^IjjJ^j^J jjxjljj ^ x."' ~' 1 
( jj'jna'I Alilui-m) JJxj] _JJ t_s* (J^lj jjjSij <C-liiaxal 

J1 

_jjjIj (.** iV*) (JjjjaII aJI j|j A-i\aC. ^.laaj . (Jj) \ <a A_i3 (J^jjjoiaII 

. (6-5) JS22I ,^1 jjnxll 4xuii jA (^xuluiVl iuij^-P 4j Ji 






47 


Jjjj all AJIjL Icjjjx Jjjjiiuj Jjjj all sjxjj ‘ jjlSxfl : (6 - 5) JSxi)t 
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— ' — ' SbCV 

(jjAujSf' jjlS ^^uiLaai hiL a ( -4)- J/'j a 1 jjlSjj ‘ jjlSj : (7 - 5) 

(Jc-lij {JA (jjjjjLj U> _>°j £-a (Aj-a.!)^ JJ 4 jI (J JJ.^1 jll (j^OJ 

1 ^Ljj ^Lj-8‘7‘3‘2- (jjjj (jljj (j-« (j^Vl aliLjljj 

(^jiaC. JIAjIuiI J1C. ,_gjljj Jjjoijj jS ,_^C.Llj-8‘7‘3‘2- (JJJJ (j4j ^-llLu^al 

t Aj.al CIluJ ji j jl tAul^ijjJJ £-a Aj.a ; lj ^ljj-5‘4- J \ ua -]\[ a_l£^a] ^'ja jjKjj' 

^3 jl j'aA . i \ Cjl^y-aJ _j2l ^!LaJj . ^jjA jj-all ilujjSj 

• H,S0 4 CjjjjSII jiai VJ (Jajj V J ejjljia a " U a )1 allljJ^uljJI .CjjjYI 


(ctt-W j^! <SiJ) cA^ .10.2.5 

Uj ^Uj- 10‘9- jjjls ^Uj-7‘2 l /\ < jjjajbjjjjla ^Ijj-7‘2 ja Jjj 

I.AA (jl .((jj_jijljj cJjjI) jA t (8-5) (J^aAI 6 jjJjoil 

..lrait.A^a,ll 6 AjlSj^)a A^.^p jj iS ^ l_i£^)a ^ia^JjaII 


(jAiJ £A (jl j^> aJj ,<C-Lilaj-al AiC- ^JaA^AI 4.jV{.l 4 _AaC- 1i>h)J Laa t IaII 

• 52,45 (oi J4 Jj43 

* 

(jjj 4jtijj^i jLAjl <1 }j 5 j aa_i^ill (jjjjjjlu jjj] aiijO 4 jI ^ jlij 

oAA a_ilaa]l Ia^J .Jjal ^all (JaUJ Ixjj 1.70^9 1.61 

alilajfLdll \a^a alii jxaJ _ j2I 
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F ^ 

<jj jiuLu j jjli <«jUj-7 ‘2 : (8 - 5) Ji*Ut 


.3.5 

SS SS * 

clilj (JajulJj ^3 I^IHaa (_£-ip j .Aj^jL L \xs^\ SjLg PPS (jj 

(j-ajL-a^j 6(_£-l*J ^)I^)£1 *jjIj J cAiLlxU^ A_a jlLo j ;A_Jl*JI dA^_j.3l A_ajILg 

•^M'j ^ <iiiis .(jiiA pps (jj .aIuL^s 

^jali^'il c ^ \ n>n ciiljj cAjjilill jl^-o _jl (j-o b Cl PPS a2 ^$3 (j£-Cj 

Jl 

LaA^jc-j 6(_£.1x_ 2I jt ^)V*UjjV 1 J 6A_ajULaJI A-j^LaII clj-allj j-all (jxn V) .Aj^)l^_x-£a A.^. 
dale AjjIj^^II djla ; niaj]l JIIIa tillcl jA j 4 i_)g-U lii)a.u PPS (_£-^u «(_>al L>° 

.Ajtij^JI C1jL^,_jC 

.1.3.5 

^.L-a AjIHa ^3 (j^-^J . (JjLal^J (JJjA PPS (j] 

. ^ (J-lx-o <iLjaU ^jlLall (Izod) 

AlJjaJI o^' .2.3.5 

Jj^. j g . ^n j i 90°C ^g-ij 85°C jj> T, Jlilil S jl j^. Aja. PPS j^-iaj 

^joiaIU SjI j^JI .c5jl j^JI _jl jSluiVI ^Ic. PPS (jj • 290°C 

' V- Iajj jl j^ II , 6 Kq"'II . ^ n> j jj jL^sa&j (jl ^Jl (j jl j^. II ^_lj ^11 (jjjill J 


55 


450°C ojl j^. <■“ i Vi ^joiI j i i L.,uj‘i lIiAsjj . ^ 450°C 

(Ji^ill gjljil jj£YI ejjJI j_jSij ‘550°C (jjlj^JI (Ji^ill Aic. 

(CjIjjjujj) CjI jjxlu jlllll j tJjal^ll ( dll jjaI jjj) Clil ji-ajc-Ujil (j-o bjji jhfl (33^3^^ 
^aJ S^aIa!] (jlc^L ^^CIa AJjoiLaiil ^JaSJ j)A aAA (j^^JJ .CIjI J tAjJaaJl 

(JlaHll ‘ 800°C j 550°C (j^j JL^aII ^ ja Ia£j .ciililaJ (jj^j 

.57’ 56 di^}j£j (jj^^ll j (Jj-o ^)xj>^al 3^*^ 3^ (33^3^^ 
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.3.3.5 


L03UL0H 3 . AjLaj^All * jl 3^' 3*^ ^ ^ 43 ^ Jj^ PPS jj 

duljj ^J-OJJj . 200° C t _ 5 ^- (J^aJI A_iC.^jll 

daL^.3.} 3^1 (Jl-a-o 3^ ^jJ^-ixj^a ^LjjJa (JJjL-03 (J3C. 


.4.3.5 

(Jdld 3-0 C^IL ^CJJJ ‘(J^^-adll cil£dll ^^11 dlldll 3JC. PPS ^JLjolJ 

Sslj .^^jal^iill (Jl ^ a\\ ^Jol-Ojall ^-LxjoiVI <• QjL £-0 PPS 3^ 3-al C- 

3-0 <- Q )dal d 3 . 59, 58 4_j juJ |_^ q AijjJa dalliilo A^gda-o Loa^J daJ3^.l 

• PPS (J<o> «ollj AiUjaj adoi^Vl daljljJa-03 i daLala-oll tA-iajodilll 33^ Aju!£^\ diL-aLo 

. Aj.2kjaia.iill 33^ Aju!^\j cildalill pLiJj dalildaVl A_i 11 jl 3 ^jJiLa 33^3 

SjSjs - > 

pL±jl 4^ V jLdo ^Ic-lij A-j^jJaC- 3JJH dal.^x-ol^ (jjlx-oll ClAj 3*n * til (JjjjjojI 33 laJ 

> 

Ajt-u^ 1 p I j|j dallajj-o lg*iL-aa 4J3JL0 3JC. jl 3-0H o 3 a . 33HI AjLoIc. dal nc. ^ ^>*^3 t 4 ^Jlx-o 3 l 

(JLaxjjojVI AjuLuj dal* lid ^A (HALS) 4 iil*-o]| 4 _i 1 loV 1 AjJ3jJall daUndll . 4 -i^-xdlull 33^ 

3J-gIj 5Jdi 3d. Silx-oll VnuVl Ajj 3-dal! (.** al'VV'dll 3! .AjjaaJ 3J Ajj 3^3 datlilo^ 

JLmlujL PPS 3 ^ 4 3^ 3^ 3-da J^3^LJ ( 3 ^dj . 3J-0J 3^ ^3*^' 313 ^Lj ^1 

. daldla-o]| ^ 3J 3-0 idlildaV 1 3C- lda3C- A-i^jaiilJl (3 33 Aju!^ I daL-aLo 

.5.3.5 


AljLxnS 4 -o 3IL0 ^-^3 * daljjJLo]! 3 AjjLxmSH jl 3-0JI £-0 AjlxJj AJ33I3JJ 3J-0J 3^1 ^-'d*li 

3 n»j3 i 200 °C t -“ a^k‘*a PPS 3-^3^ < ^33 X-Q t. < ud V .Id-all ^ILoIl j^\\ 3-0 (JdaSl 

6 L-sjj-^a jjll ^1 3^1 (3 ^-gj .(-^111 3-q *3^3^ t — J ^ , 3^ Ijjaild Lido 3jltij jj 3K - 1 

ddc. Ja 33 ^l.Vix-o 63)3^. daL^3d i^liall jlxd*jjl Li 3 l 3C. 3 jLo33^j Aula^^Jl < 1 * 1^31 3jAj££ 

3-03 odai£l 33dj . ^ (Jjjoidj <_a^j (JjA’all (JjS ^3^-0 al q*n ; dll 33^ 
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q^a^j CLij_j$\ ^ja ^cj^jaj 4C1ij^)J^]I 

1 c. > nS^ aLiLz*. jA (jVn^ll cilij^iluj jl .(PPSO) (iu^jilLi jAma-p)^^! 

.PPSO 

£uaUJI cilflLdVI .4.5 

s 


O'j&l -1.4.5 


^5^- J • *» , ^Luj (j jL PPS ^1*2 ^UJJ {\}rzx.A 

^JaJ iA-ilc. j ,oj\ g x^nll Aj\ j3 *\Ji\ 4_! jg.j>ii.j (jjliJ Ajli ^jiaLnll J^jli PPS ^gic- J 
(JLojtJjujI Jli] .^aLnll PPS Clal A Uuy ^ 5->* ^a.Sk.U (JjLujj A^L^JI 

. QjlS 4 i, A^llba'I aJIj^U 4x-jILq 

<jl (j^J » 4.jJaJ.n.i.l PPS 0jj2^) J] A ^ A^LjaLj AIjjI^)^J Jajaijl (Jj-qjj 

Aa jUL 2I ^3 ^jL-akill • 4jSkjjl£221 Aa jUL 21 ( ^3 ^jL-aSJ <A1 j ^ja ^cjjj 

«■ * * * 

^^^,1 djliLjaj CjIj^j-q AxLlj .^gjua£^Jj| 0-^-A_J 4^Lja2 4. ; )S.l.A Sj21 

•ujia aJijv 

jkl3 CjllaJuLa .2.4.5 

■Vic. Clu^Ail ,\uAj\ ^Ui JA 4JI^I Cliljlc. (_4j PAS tliAAlj 

•m * % 

(j a 4_ijAx_a]| CSA k^x a a l-Djojjj lAxJjja CliL^^J ^Jj l.g. nr^j.4'i 

^j-a A^JIx_a!I aJI . l^;\>.Slx^ J Ig.ji2j3 Aic- Ia^)JC.j 6L_ill j 2I j t4^Jlx-2l CA$\ 

^jjjLqJ ( ^3 ^Ix^aj Lo^JC. (J£12I ^jIju ^aJ (j-a cs^J 6 -la.1^11 (JjjLoiI ^Ic- 4-J.l.ba fijLo 

ji 

AjJa^jC- a2jL<JI C1jL^I11a]| 4_i^,lj j .4ll2j3 ^AC. x«o21 PAS 0-^ J 

•U jlsu 

g..u^qj ctillj jA^lj .A^qj ^lijj! L-LU^ AjjU-aj3l SjLoLk cJlill J£Ij inuj 

;PAS C1jL^JjI^)J Ailxloll JSUSI dj^Ljax-o (J^, L.ia.^jj .A-ixj-sa <1:3^11 

. CljUajj-G a a^^JUA ^1 ^jIj A-^.^-q ^I^jj3I 
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c AjJjaillSl! tliLa^ll-y (Jj-g dUa \\a (_£3jj J 

djUajllA ) AJl^. ^3 j • (J l-3a ,U 1* 1 CllV I jl j (,& Id jllI 

iJfLdl ClAi (J!L g (J^dll dl ;S^a ^)il*jj .PAS AdLijldixJl 4 _xjjIL2I jjAJjj 

^JjxL<21 (j^fLa • plda^jl dUajLixi (JfLajl! dl^jJJjoaj 4 (JSj ill . \j * nS j^j3jA^ 

. <ldl ^3 0.1 AajoUJ Janx* v aLjaJ LqJUC. ljjJa_j-G JiLjadl 




. 3 . 4.5 


^3 (J^Loua 4Vv^ar x 21 ^jJajaillj L_J ^C.^)dl J 3 I x^MVl 4 . n^n ^jl 

<‘4laila <C.jI 1 g (J^Lolq dlla^.^1 33 j jAdlllj 6 (J_jc« j 4 

^ jlnm ^ic. J£Luu2l &3A JxujjJ .PAS Q jlg.A^a (J_jc« dc- (jl nVllVlj 

(J^LouJl &3A 3jd .Jajdll dj|^*jd!ll Jjjtillj Jadkll ^lj^\ J^nll L>° (Jl^i-all 

djlc-^A^o Jl3dJ 4<J^i2! Ax. j^^.^a ^3 ^)fLixi (Jju 3 JjLk-allVtj <.alxlx21 

.a^jl^-j-all J^)c. CIjLiLiC. (J^aju ^3 PAS (JL&*Jau1 ^j-g 3^Jj 4<i]\l]l 

CIjI^AaI J dljlJ (JLq 4 4_JI jill dlj^^-GJ tdjlSl>ll (j-o ^IjjSI 3^1 

# * 

e3& Jaaj - 4 jV W d' ^jJajoillj ^IxuI^lS! ^1 >^MI L <jqVi dliLjaj 1 _xujj3]I \1 

tPAS <L^- .^Jajai AjoiLqj .laid 3 j& ^ixul^ll 4 jsV a3lj^ ^gic. ^ 

J^C. CA \\a* ) <41x1x21 (jL-alWl (J^Lolq l 0)4 Vi ^3 o 3.id l&3 ^. j <j 3 24**21 

A3ldaU JjJaSl jaj ^lc> o jlg.A^all dLilaC. ^^3 PAS A-^JLx-q AjI 3^1 

A 9 a\\ CIua-u^. 3&1 4 A.iyi^.11 ^3 L-ulak Jj ^ jjjIJI -liudjj-liA 

A-qjILo ^3 ^ntiViH l3A .A3A^) AA33 dlLill -liljj ^3 PAS 6 ^lg..wa A-qjILo a 

62 s * .. 

. (jJ)j Cljli Cljl^ixul 6 ^)l^j-a J^jc- ^ 4 ^ * 0*^4 

CjliiJaj .5.5 

J t4jj J 4jM till J ( xJakU sJjLa jl j^s PPS Cjl (jl 

till jjaJjj! dll^.j -Is] _jjj .Ac. jua l" iWnjaj osLataJI AJlc. j | ja I g "' ° ^ ^* .' 
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tdllxiUall Clilij^Aj 6 Clil jllLaill £_La3j 6C1 jLajJaa]I (Jag A-ujlli.ll ^.3^11 ^3 Clilinlaj PPS 

.aJjLoiII dil jjiill diLoiLuj j 

^Lail A-ill j-4^1 Ljl AJ- iIIaII .1.5.5 


-ii.auai 


^liu-£3J L. Og.J 


<_£ ja -1^3 iAui jjj£ 1V1 Acl u^nll AuaLuVI (JJjaajj 
cCIl^L-a jll (Jag ^Jaall Jjj-aI c_fl..^..i AuAjjl jll Auijjj^WI ^JaUl ^»La 1 <jijla jijlaJ 
6.AA ^.xujjj .Ac jilaAll Clil jl-lll Clil^jl ^Jl CiULJl ^jLoi jj cC1j^IaiJa]I j c^lal jiillj 

.(Surface-mount technology) ^JajaJI ^jaaIaII a 1& Aijjlall 


Sjl j A_a jl Jc Auijjj^WI ^lasll J^j^al Au3 (_£jaj ^Uai &L& jJjaJ 

Auijjj£3VI £-laa]l J3I x ^-»*i 11 (Jjg ttnl (j-aL-ajll ^ja (JLa ^jl«Lai3 ^»Ia 1 Jail j (_Jax 1 L.aU . Ac j.ilaA 

^3 A_ljlc jl ja l.g.'U^aj IjjI ja Aj.lliA.ll CAjiSjjll (JaxILoUj . Ac jiI^aII ojl.jll 4 a jl ^Ac- 
A_i3 jft.j^iij c^jiA-joU ^jj 3 <JJ Ac jiI^aII 6 jl All A_aj 1 c^ili Axj (Jjajj . Aui 1 ^Ja.0.11 

% J5 

^aJaujII £JAAlill Aujjj ^jjj .£±kys \ jlill A_a jl Jl AujjjjfLWI ^Ja^ll cillii I'iTia ^LaM 
.^IujVI c_ji]l£j cdlii A^Aaa tAc j)i)^a 1I ajl-lll A_aj1 ^aj (^ c> ^J^>lll s-I ja] 


^UaxILaaII j ^j-aLx-ajll ^ja (JIa. ^»La 1 Jail jl A-kLajx_All lijl ja Aj^IaII Clilii^jUll (j^l j 

Jju LgjxC ^VWj (_£,jll 6(Jj*JI ^Ac Sj-^ll (jl^jj (jl . (JjaiaHj l^JJ 5Ajlc j| JA l^liix-ai 

. CjI qn Will ^ja ^ jill I La JLg Aii jjja jic lujl ja Aj..\liAll CLlii^jjll (Jaau i(JAac. 

Jl 

“Oakiil s2& ^bij Vj A2lc. fij Ja^JJ ^»LiJ Jajlj 4 jj£jj jjjJaj 

( *Hojj ajLJIj PPS J (PAE) (jjj] (jAu') l>° UJ^ •AjuLJI 

j.jj3jjjls]l ,_ji sJAi_o 0. 15dlg 1 C^jLioiJ jt jx^a\ PAE 

Laa tA_aiaiia^ iS'~ > PAE (JLaxlxAj ^_^all . 25°C o _jl 

PAE (^-a 4 ... \\ -i" A .AJUtll a j\ ^2^ ^-1: A _jiJ! (jjjai^J 

(J^laai -JJjj Jjn ■* ^jjljj-6‘2 alll^j ^^ic. ^j!Aj ^gjll lilli ^ySi 

^jjljj-6‘2 alllii.j ( _ s Jc- ^ILa L$Ji ^ J AjjIj^uC. <Sjlai-a ^^Ac- <iaollall <SjlAall 

(J!Laj j tjlij jjlma-4‘1- JA^ 1 ^s^j- 6‘3‘2 a-uL^ Jj lAAj 3 J/\; ^ 

I jLii. (Jj\;^ J/'J ^ ^J^-6‘3‘2 ^-a (J j'n. (Jjqj ^ ^jlu-6‘2 (j^i <Sjlioi-a]l alll JJ^ul _j2t 
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PPS (j-G 0jl j-G A3ljJaj tiljjaLAll PPS (JLgJIJjujI (j£-GJ . 

.Ajtij^JI diL±i£_jj 


djL^.J.3 JgVi LS^ SjjU 4 jj| <Lq jILg X\h^ 4^. j ^Ac. jgJaJ 

A_JtxJI C1 jIjj£jj ctillj ^Ac. & J^C* j ^3 l.g.g.r^.1 jj ( ^IlSI A_Al*AI 

# * > 

£±X>~n j ‘■"'laid' J LJLa. iJaxIuli (_jill tPBT 1 (j^alaill Auu d. Jl jUd 


. ? US 1 I 


d^l (Jjx tAdlill AjUt-all dljj^dl Jjdj (_$ I oj- Cy* iS ^) sljVI (J^udjj 
CIl^L^s j i Ac. jVu JILil J ding ' dl±£ j]l Ajl jij (jS-0J La£ . Jl jJI J t L_l]l jail J i Aj] jSJI 

a.', 'Aa 1 g 1» y ^ La I2&j tdVI-a^j j Addl^ /jl n >>a j l_ujIj 1 J dll jlj dL^^lj 

. - ^aLx-sa^)l! (j-G A_JLk ^LaA AaJ jj £-g ^jjjLgA ^3 £ 3 J (jl ^j^-gj ,^11 aAjIj^^SI dA&nJadll 


^a-uAS 4 _ajHaS 1 c^Wj) £j'> . 2 . 5.5 

idj^yLx-a ^11 Jplcj ^Ac. lU^ SJb^C. djlsjjAaj ^3 PTFE AaJjjai (J-gjLLoiJ 
aAjLlgjS <Lgj14-g PTFE Jg-laJ . (J-gI jC- jI j-<AI AjLg^.j liCLuiVI (J_jc. j 

. (j> cillSi^l (J-gIx-g ^A] AiLja] (*3xm Lg£ 

A-gjULgj JjIxjj Lgj 3 L^a^j^a^kj CL_J^Ua-<JI ^j-G (Jsl Lg _^aC- A-.}£ujl SjxAl l.g.A-al 

. Jal » x>>^1 <Lg jULgj 0*s.ajj\1 

^J^ll CjUJjIj 0-gJJ j! J-G ^..U^a ^3 (JLaXJjujVI AjuLalU C1 Aj^)ULg]! (JxGjj 

(Jj-g A-iJtirb-1 ^Jc. Axilx j ,4jj^13 CjI jj-gJ ^-g (ju-gj)^ 

jjIs ^^C-Ijj CjI jxgJ jJ AJajail jJ ^jlL-a Jl lg.’4)3jj jl lAj!)Ua ^KaptOn® 

64 


^Jj CIjI^xgjI^j a4jai£j-G Ji.i4Eaj PPS A^Lja] 

l^J-G j 14-Q ^G 0^JOlll jl (Creep) Ul^. jil Jl IJia Aja.li l^l 


• AjisLi-a Ajjl^aJlj AjjLuuSII 
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jl <1 ^.^)a La] PPS ^^3 JuiLuJl S3 joi£I ^j^aj 

. * nS ^iLaillj jjiLaill (j-a a^.jj ^j-q \'\\* \\ (J^J^aII ^3 cLiLftc. . ^ 

(Ja*a i£_JJ ^3 ^jjaaI^j ^3 0^-juJI <Lo jULg Jjl (4-5) j 

^^3 A jSj’ilS )a I^A ^j-q Aj^jjaaI^j 0jI^a cciilj ^Jj AiLjaj .PPS 

a . liA 1^3 4 ^,\j ^H3! e‘ \\ q n Wi'l (j-a ^gic. <jjoiLLq jjl j-<JI &3A .JjoJI jlil^.1 
. (Bowden) (j3 jj Cj^IjS 4..i^a*j ^3 Jaxjjoij ^ill < 3 jaaa s__njljl 


^ja 4 6 JuLoll J PTFE &6.^1aa1I a. la^jjaiVI Cy^jA 

^gJajujj (JjAj 3 (JjiiklJ ^jj)^ 3-i<o\l j ^yF (J5 » o } ^)j-1a 1I PPS ^daSixiil 


. lA.in]j 3jc- Aajaj3]I j ^j-q ^ 20 pm ^i] lpm ^11 ^ja dal x^nn^U 

Cjlii^jj ^j-Q j! PTFE (j-o (Jjj^aLg (JS/mj (JjJa3l &3A Qj£jj 

ciilj ^ic« ® J^-C- J . (j^dall (Jj3 IjjI^^. ^IIxaIIj PPS (_5 PTFE 

^^3 3 4aaI 1 ^3 1 (jA AiLjaj Ale- (J^jjdlj Aajaj 3]! ^3 ^3Ljaj ^jxn Vi 

. 64 PPS J PTFE ,JS JJ (Cjl J. jij ^ j -p) Jjj (> 41*11 


( jj'j'j*" 'j°'~ ") v ,- ; ~jAy Jj'* JJaJjj CjLjSjj Jji ^ ^ - all 5_a jlia : (4-5) 


[mm J Nm '/10 7 ] 

SjIaII 

958 

d LS j 

180 

^ jj 5:95 4 -4*i£ j-a PPS\ a j jjai] jj 

110 

Ujj 20 : 80 4 ^joi£j-o PPS\ {£ jj is 


jjjla jj 3.5 j lijJjjjj <ia!I 21. 0j ijjliijj jjjls ^jC-Lj 4 ja]I 75.5 ajjaj 


. jj\;'ij) 

20mm ^ICjVI tlOmm jlasll :jLuiVI 
4ms -1 : 0.42 Nmm -2 : ^ *. ^' 1 

X20Cdl3 iV ja 30 ls^ J ^ ai J 

100°C : jliii.VI i j)^- jJ <c-Uj 100 ■ jliii.VI 2>“j 

1436 km : jUli-YI Ailu^ 
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lajbjfS Aluajd cjIjjaiSjJI .3.5.5 


4 — Ar — NH — Ar — S — a-luijj^3I 1 4_c.^h Ai^n dil^jjAil ^ ^ l 'ilx.al H 

C(Jslj t \*.s-x\ Al^iHI dll^uul ^21 ^j-o £^^21 H u] • A-J^lc- 3 )ili ^iii Ai^)Ha djI^A-l^j (_£ I 


^Lj^ill Sl x>aH d-lllllA . Aj^j-aJ^HI j aIj^jj^IVI d2 3 i iJ-aTiW ^j-o ^^9 aJLgHjI 

6dlLi^)H2l j 4(_]£lHll Sldx2l (dllaiHj t A \ a u ) Hla ^Hl AjlIVI i^y* £J^ll! di llj cAi^Hl 
<. a1 jjfiSS )} I d^HI ^9 dil _j jilujj^jl ^21 ^j-o aIx-£3^a 1I dil ^LolaII j 4 121^1 aH 2I dil^)g vAI j 

. dll 3-nla2l o 1a ^Ac. Alii ^A 

djl.lx.J (j-G S^llulA AH^Lg AAjoAjuJ AAiH L d^a'l djl^)jA.)l ^21 dll'Wi jl ^,.X-U1 ^Lgj-gC- 

jA PPSA (j] . aII^ILg jl aA djl^).Mjl^j ajoiI Ldajl lg-.2c- ,S^)^)11 g a1I^)J-g 


(J-g PPSA jA^a^j . ^ liLaAl ^Ac< dl^jlaui ^jjxnljj ^gAc. lI^-1 

^gi (jj's lili dllij idjljjiLui (Jj1lq( ^Jj-gI 1 - ^ jdjiLai 1) ^gA jj 

^jj-ol (Jjii9 jjai J/n a -4 (j-Q ^)jlV I ^jjaj 1^2I ^dxxjj . c_2jLxAI ^jj Jj^nll 


• PPSA ^liAx-al (6-5) Jisll ^jdajJ .^gijiLaJI (jl*n/Al ^_y-a,Q^kj 

^gi 20 ^5^. J 1 j 2 Ij 10 5 (jc. dijj aAIJ^ (jljjl dJA djlj ; iA ; Jji iIgj 

,\nnSjiLui ^gi L-a jA^a-5. j ; Jj jjj jJJjoiI JAi^ NMPj THFj DMF ^ Alii 


.(Jjjj-il 

Jjlx-A (j-G $.|jdjl (jlxLlj . 380°C ci - -^ S jl^X djL^,jJ ^gH. JIUaI^Q JJ-g2^2I 

dilla . 1.3GPa 1$1 j^)-g (J-gIx-gj il^jlj .lx -1 A_dl9 A-l9l-a dill jdaxj 

Ja a ill SjLgj PPSA AjUJ ^IgLij . L-jaAII L-ajj-salj Idi^ liL-lill ^ixul^il 

SbCl 5 i -r i ^d -< ^ PPSA (j -o 1-^jlA Ax-J A^dla All AjUI .Sdall (3^1 JC, (JLojtlailj p 
J) Fe Cl 3 a_jHVI C 5 ^ ^0.18Scm 1 1-^j-^ A_l^aj^ ^gJj 

.0.8Scm -1 U jl AAL-ajx 


CjUjjjjaS) -il j-a .4.5.5 


^^9 djl^).)Ajl^J AjjoiHI Jaj^jHI ^9 (JLojtlaiVI AxjLoAI AjIoVI ^Jax..A ^1-aj 
oAA (jl .Nafioil® (Ji* A_njl^JI 1 ^9 dlij ^iHI (J-Aadi S^)^ii-Q 

.aJji i j-g ^gic. djLx-jVI ct_ijjaill I^J t^jlill a-IaI ajIc-VI 
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(Jjljj AjjalC-V SjLo 4 JaII (JA A_LalLuJ (JAjJra iPPS JjTiaJ (_£ -^1 

Jc. A wi'il Vio jjc. AjjaC. 1 -^1 j • ^ Sic.! J Ao-alj^. ^ \ua\ cillij cClilj jj j^>2l 

i£l j .(^jjiLljl) (Ja A LJal^. PPS t .“ )ju‘ti\i ci ilij 6 A iaLoill ( Jajai J PPS (JjjIjoiI 

cAIa^II Cjli a-iAc-S/I y (jlij ciu^ 6 e-Lulail ^)Ln^V AjJ^j ijj Aulik JIaxILoj! 

J1 

^ Cj^j .Nafion®117 A_L-sa^-° Ia a^. <Jj a-IILaa!! cil aj * njl ^ja a_a11x11 

(J5I til li Jc. 6 jjlc ^^A J t ^aikl (JJAiaII £>l^J AjjLaUjI AjiJj AjjalC-V! oJA 

. AxU^ljll JaJ A^-2k J ^JA I ^)l JIajJ 

ujjjVt ^jAjj A>» .5.5.5 

^cjuiill CjLAaC. j tAc-LiIall CjLJaC. $.Ijj 1 (jjJ-J^ (JA CIiLia^ 

(Jaj .SJ^-^VLj -Ixi^-oll jJI Jj j)\^yilkAj ^cjlill JjjjVI JiaLj . ^)C. jJ J^£ll 
<j^Sa CS^J^jl ^joi^ja cJl-axlLailj jl g J1 (Jja C..U-.1.U (_£ill ^l^Jl ^jIjj (j-o JjJjVl Ailjj 

.IaSIjj 6 JjJjVl (Jc. Jaxjjj £A (JjjLgJ ( Jc. PPS IaA1x3 .PPS ^)jAjl^J ^ja 

f\1 

. .lix^jiLai Jj Clu^All dil-l^j 

.^joI^JaII L_2l J j! AjjalC.1 jl t_fll_il!jl n)A A.J^.,1 ^JjAjl^ill JIaxU ^JaJ 

J> 

IjJLkl aJJIaII j21 j aII^jjoJI jJI l&-° ^ JajA ^- J l^ ci! jjaJ J 1 JJ-aS 

Jc-lijll a-1aJ1 ^jjjj ^Lia^ ujJj^ aJIjJ a.jIac- .(Honeycomb) a-iujI^joJI J^ill 

. (Jj)^ t H a!1 AjIc. ^lij^jl j\ ^joI^aII SjLa ^Jajal A-^.LulA J Cljlc.^)jal 

AjjUail cjL>5Uilj .6.5 

* }■ 

PPS u" y& ^ ^ ^ ; J (5-5) ^ ^ 

\ l^lLajlLo J (4jtij^a]| ojl^pJI L..ll.->jJ ^ is ja“n.^\l I^jUjSjj l ^ \y^\ 

jl cJStill 4 n.n^'l dll n^'l ^ Ajjdll S " '\ Q j \ W~' \ \ doilix l^jl LaS - ^ 'g U U‘i 'S-s i"' j 

.AjJaiklc 6j!^)^. C1 jL^.jJ J CljlAnialll jjjj jjjj) J jl jaaJjj ^jc. (Jjl-1^ 


Ali.U.j31 L_al_ilVl-J AjJjII jA Ic-^jjoi I j .t_flLilVl^ PPS ^1 ^jl ^.lajt.A (_£ Jj 
1 -a^ .PPS ^jjAjl^il Aj_jl^lill CljLoJljtll ^ja c. ^.jja JjJJj .^UjJall 
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£illl j ^1 Jill (jjixxlll .jj-vl urn 4 n< I aljLall jjc. PPS Jlxll_jJ CllLijjl j j2jjj 

% 

^ ^axILoiaII dal J).ig.dill j Aj^C-VI dalc-ld-a djI^^Uall £>JlA C # Urtl J J . (j£LoJl 

. Adl_ixu5L]l CljlaJlx-all 

^3 £joj1^ ^IdA j .^3-n^ll j c^LLad^ll ^Ac. PPS djUdalj (J-qJjolJ 

j) A A^.L^.^31 L_il .jP^Ij &lj 3 -g tA daj^}*-<AI dal g!)1j«AI 

£-g Jaiyld. j -s^Loj _jjc- IcA^jl PTFE AaJ^ld ^}3jJJ cilliSj .4jjdaC.3UI 

^^3 ^11 AjjUdll ^.LqjoiVI (6-5) (j^u . A_x*jULq IcA Clil-jJaUa^ 

OUVI .7.5 


-,u 


iJ-aat.^a CllL^jL^a .lili^ j (. . " ',1 i r. II ^j-o .13.1x11 ^-Ic. j jiixll (j^-44 


69 


ijjiiVl (_ji ilj^ll 


jjjliil Sjlc-jj dd J&\ .8.5 

fi^A ^jjSjj <jl .Ajjjlj da3Lda3 ^^Ac. J jj^a^.,'1 cPPS 

1 ^ Lg-q d^Ldall 

. A.j^W jl AjJad Clil jl • 

dj-^LlI ^jI jj • 

.S^-aL da^dt-oj iAic-li!Lc ^jjc. ilj-G • 

. ^^11 4jLi 3J dalx-ajoi^k dal A .A ^-c • 

. L_J^C- ^cIIIaI] 6 J.WxAl Aaj^jjoAl 7j.xi.da 7‘ n>nl • 

tPAS ^-id-saj ^j-g 4_dUI dl^ldaall ^g cJ'- A3t ^ u1 ' S-^lcA jI^j-gJjuAj 

^Ac- da^Ljaall oAA (j-o ^3^ d 0 (j^lVllI S^jj^jda cilld ^mdLo S^-oL dal jlxic. 


19 


. JSV\ 
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IjjIaj o jSjlaJ! jj CAjaaAji uls- AlCuv 

: (5—5) 


^tULoll 

a ^ jUill 


Albis Plastics Corp. 

Albis PPS 


Celanese Ticona 

Celstran® PPS 


A. Schulman Inc. 

Comshield® PPS 


PolyOne Corp. 

Edgetek™ PPS 


LNP Engineering Plastics Inc. 

Emi-X* PPS 


Celanese Ticona 

Forton® PPS 


TP Composites, Inc. 

HiFill® PPS 


A. Schulman Inc. 

Hiloy® PPS 


LNP Engineering Plastics Inc. 

Konduit* PPS 


TP Composites, Inc. 

Lubriblend® PPS 


LNP Engineering Plastics Inc. 

Lubricomp* PPS 


A. Schulman Inc. 

Lubrilon® PPS 


PolyOne Corp. 

Lubri-Tech™ PPS 


GE Plastics Asia Pacific 

NORYL* PPS+PPE 


LNP Engineering Plastics Inc. 

NORYL* PPS+PPE 


Solvay Advanced Polymers 

PRIMEF® PPS 


RTP Company 

RTP PPS (Series) 


Chevron Phillips Chem. Co. 

Ryton® PPS 


A. Schulman Inc. 

Schulatec® PPS 


TP Composites, Inc. 

Statiblend® PPS 


LNP Engineering Plastics Inc. 

Stat-Kon* PPS 


GE Plastics Asia Pacific 

SUPEC* PPS 


Albis Plastics Corp. 

TEDUR® PPS 


PolyOne Corp. 

Therma-Tech™ PPS 


LNP Engineering Plastics Inc. 

Thermocomp* PPS 


LNP Engineering Plastics Inc. 

Thermotuf* PPS 

g. Luifi- 

Toray 

Torelina® 


LNP Engineering Plastics Inc. 

Verton* PPS 


Chevron Phillips Chem. Co. 

Xtel® PPS 


Asahi Kasei Corp. 

Xyron® PPS+PPE 
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Jjj-alij dljjpjVl ^ -la-i 
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£.^1 fjk SjJ j]| AjjIajII fLiuiVl :( 6 - 5 ) 

^ J jaII 


(jjLaJill jajjVI 

t - - ~i .. 


Philips Petroleum Co. 

Sumitomo Chemical Co., Ltd. 

Norton Performance Plastics 
Corp. 

Hoechst Celanese Corp. 

Lonza Inc. 

Sumitomo Chemical Co., Ltd. 
DuPont-Toray Co., Ltd. 

Shell 

Elf Atochem (Arkema) 

Philips Petroleum Co. 

Kuraray Co., Ltd. 

Philips Petroleum Co. (Industrias 
Negromex, S.A.) 

General Electric 
Tohpren Co., Ltd. 

Mobay Corp. 


Aqua-Cleen® 

^ i-i . . jjjj ' — La 

Bondfast® 

^ Si (lhMJ)J 

Ekonol® 

64 (^'j -p ) yrla? 

Forton® (Series) 
64,63,61,43,39 ( .^ 

Glycolube® (Series) 

(J-olc-j jj*-* djljiuil 

63 L jSI jail 
Igetabond® 

Kapton® 

64 (A-a') iJji 

Kraton® 

64. 63. _ 9 ^ \°i\ »"i jj 

Lotader® 

(jJojSjJj) 4iolajJ 

Ryton® (Series) 
64,43,17,11 jj 

Septon® 

^ ^ aal ju jxajljj 

Solprene® 

^ 3 jxajijj 

Supec® 


40,39 


43/. 


( 0 ' V''.3 1 '4' 1 • .) jj 


T-4 


40/. 


43 


4^1“) 

Tedur® 

( j (.3.3 1 \4'' • .) ^1 jj 
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j* 1\ pL*dJt\ :( 6 ~ 5 ) 




iS jt^ll 
(. su-a^ll 


Dexco Polymers LP Vector® 

JJAjoi ^ \°\ »"i liljlubo ^jaj] 

Hoechst Celanese Corp. (Ticona) Vectra® (Series) 

4 liL Jjfij ~2 _ -6 jl ^g_ul£j^)AiA -4- (JAIAS* (JA l_ual_ual (Jj£a ^JjLul ^)JAj]_^J 

. ^ JjijfljoUJ j 4 liLlljS JJ 4 (J jii3 j n <al“n > ml -p l L_Ua 2 l J 
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cilljA tillil .L£>l^JI Ac-I^j ^3 JaxJjojJ jl ^JaxJt dlli PEEK AjjoiC-V 

.^Jajoill (JjJjLL ^LgjaVI (_ > paxJ 


.Ixj 4^ ^j-pj))>«all «1 i_j.1iA A^JU-Aj 




jl jjj-cl “4 £-g (PEEK-OH) A_1^LLq till j 

^ j; la i> ti (j5 <cn j . ^ PEEK <*— LiiajJ ( ^l AsljJal . i^l) A n >. jjaill 

^jjuoliII (JLojtJjailj c_ijUa aIa^-aII Ju^I JjjVI CIjL^^aj PEEK AjjoiC.1 

J_j4^ (^5^4^)“ “4 cJ-^° Ajjl*>» 11 .la^Vl C1 jL^^)-q ^qjjj . ^ ^auuoaiii! 

.LlJjjJa lajxu nil AAjUill C_Jj J jSlt L l ixs-i ^Jj Ij_jjJ ( (JdiiS j-lJ^jl -4)- N- (Jjj^J-N _jl 


.PEEK ^ 


A^JL*-a 1! .^JajuJl (JjAxiil Aij^)Ia jVI Lg^^Laj A^JLcaII ^jj 

• ^ PEEK 6jj£1a 1I A_mll qC. L-jlSjSI L <a Jl \\\ j ^JajuoSI Li3l^)C. jJa ^3 
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C>aljaJI .3.6 


ajILa aI^a u.j*^ -PEEK (2-6) (Jja^II 

Aj^jIaxJI ^_nll (^] (J-^ lAA 

A^.jA Ajjj (J 6 330 O C Q* (^ c '\ jlg.-wajl A_Iakj iPEEK L&-° tAjJjn^ll AjjjjJ 

Iajjoi a*a jIaa 3 tA_Jlc. Aj&..u\£xAx t cIjLg jILg ^ajj ls-^j • 260°C (jc- A-aAiJI Ak. l^j^jl^)^. 
Jj Jl Lstj VL-iy-l PEEK JL-U cA" • 12 Ji-11 Ja#*- Jc. 85 MPa <> 

.^LJl jLkj jl ^.LJl ^ c 250°C ajl^. 


a-gjLLg PEEK <_£Ajj -PEEK AjjLiaj^II a_ajILJI (3-6) JjA^Jl 

AasIjaII PEEK (Jx^a^k A&S j CjI^iaJ ^j£aj tAA^-o^A AjjI j<oj^ 

PEEK An .(FDA) aIS^iaVI ^.IjaIIj s-IaxII sJaI ^j-q 

.* 

^ixjaoll A*J PEEK AjoJI jgiaj . aI^-^VI 1 “ 1 Vi ^ Ajt_ix2uJ Ajc. 

A_kjj Ljaj! Jj Alii2u]l Ja£3 (jjjj] cAiE <■ < )Uii j . A_uj\ xug 11 ^Lia A-iajaiakll AjljoiVE 

AjaJi Ai^-aJ a u ^^Ac. ®j^- c ' -^jitll 6 A^,_jA ^lijj! £yb AAjJ^^JI (JjaLyLaJ! 

. 30 i4j u*n\l ^JaVAl ^Lxjoi^U s-IAjI J^Jo.a.11 


4j5nl 5 jail (j-al jiJI .1.3.6 

AAaII ^3 5 A_ 1 uAj be PEEK (JjjLuiI ^-ic. Aj£^a11 aI^aII (_y al jtaWi 

(Medium AVjiJl (JjIIa c^jjj ^j a I I J\ A1 2 0 3 c_£^>a ^ 

VI .vdlfibkVI V cJjliAlL . A1 2 0 3 a ilAa] aj& cAlljj ^carbon steel) 

PEEK ^ (PTFE) (ua4a) jjj^ o* %10 a>*Aj *<J-dl Jjt 

. be ^LaaII Aj£^a1I SaLaIS j cAII^'sVI ^LgL*_a ^jl 1 A^.1 j ^jl ^3 


AjIa^. aIj-q PEEK j S^-^LiaII PTFE (j-o a^£^)a1I aI j-<JI ^j! a^a a. in*i\l Ia^J 

(J£ Aic. o^lajxuAll ^.IJIaVI O UliALjaJ Vj*ic ^jl ,A.\\j^b CIjIaI^a 

cillSa^ V 1 cA^Lol*-d ^3axu ^11 (4-6) cJj-^31 ua^ • a^£^a11 SaLaII cIjUjSa ^0 

. CjLuSjjII Ajjxjj 


252 




22a Jk\ 

O-a'ji :(2-6) 


A Ajqll 


gem ' 

1.3 


% 

0.5 

C-IaII ^uaL-saj-J 

% 

0.5 

J jl jllI Alfr ^j-aLk-alLal 

cm mm m' 2 d” 

1 6.5 

jLa-J jlij 

cm mm m“ 2 d” 

1 55 

£ jV 1 ilaj 


MPa 

97 

C- y> 1-N. t 4 ajILq 

% 

60 < 

jU^VI jsc. 4JlkLu>VI 

GPa 

3.5 

4JJ^)aH (_^l*A 

GPa 

4.1 

(JaI*a 

MPa 

170 

jA^aaJl Aic. C.\^S$\ 4ajIsa 

MPa 

118 

j.jJa. 2 k.ll .lie. Jal » 4a jlLo 


0.4 

4 n n i 

GPa 

1.3 

(j-aall (JaIaa 

MPa 

53 

^_)-aa]l 4 ajULg 

J cm' 1 

0.63 

^ jLftll 


JgK ' 1 

2.16 

4jjl^)aJl 4jtxnll 

Wm ' 1 K ' 1 

0.25 

4jj|^pJl 4 . < i\w^ja]I 

°C 

340 

4Jakj 

°C 

315 

?.! jA c^jj-aall 4 a. 1£JI 4^jJ 

°c 

160 

1.8 MPa -lie. ojl 

°C 

-65 

4 >*\ > Mg 11 4^jJ 

°C 

143 

4^,jJ 


V-0 

UL94 ^ULiVI 

% 

35 

(JASlja^jVI (JjJj 


. Victrex®PEEK 450G J&A a 
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_a (uJJJ* M AjjLuuii) : (3-6) JjJaJt 


100°C 

60° C 

20° C 

aIijLiajHI S^Lall 

j.jlia 

V 

^>.Vn V 

(Jll! -liA.il! 

V 

^jUx 


(^UV /t^-aJj) JaJl O-aAa. 




ij>»! 




giWn > >tl 


f jUU 


cJ^ysS 



j.jU^ 

Ajjlijll llljjlulj 

dlUlax-a V 

^jlix 


*U1I 

fjU* 

^jUx 


Aj^}laC. l-ll-illa 



f jUU 

u)j^ 

j.jl^ 

f jUU 


AjlXuLo A_i^Lq ^ a 

^ualj V 

^j-^ajj V 

V 


fjUU 

^jUx 

(*ji ** 

t_Jaj jjl£ 

j.ji^ 

^jUx 



(“j^ 0 

f jUU 


4 Mt.! ' l-» . ^1 1 ** '1 Q ll ^ A 

^jli^ 

j*jl^ 


6 jSj-a <■** lUl»i<i 

j.jl^ 

^jlix 


i— ala, jjis 




(Aloll ^ 40) lA-ill f Jja 


^jUx 


(JaIII (_)S1A'\ 

dlUlax-a V 

f jUU 


c-Lall jjl£ (jia.aai 




(Alcll ^30) -^uaSjjJJ 

^jli^ 

^jUx 


(CaO) ^>31^1! -iu.nl j! 


j*J^ 

?J UU 



j.jUx 

j.jU^ 

1*<q‘< 


f jUU 


(Alai! ^ 50) ^jjVI ijl^ 

V 

^j-^ajj V 

^j-ajj V 

dl-ial! di jjV! 



f jUU 

Jjjj tlijjjll 

^jli^ 

^jUx 

(*ji ** 

A_UjjLuj! lU jJ jll 


f jUU 



dlUla*-a V 

j.jUx 

fJ 1 ^ 

Jjija 

fjUU 

^jlix 

?jUU 

^aall 


^jUx 


i— fllaJ! IjjjjH! ,liul jl 


j.jUx 


lujjlll ,Iu,»ljj ilillj 

j.jl^ 

f jUU 

<“J^ 

(Alai! ^ 70) <1 yjjlll (j>>a^> 

^>n'n V 

^j-^ajj V 

^>^'lj V 

(Alai! ^gi 95) 

^i-ajj V 

V 

^>.Vn V 

jjllall lujjlll 
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23 PTFE^ji PEEK <> bulk cOUbul <>jl| ^k-jll :(4-6) 


<ill£aa,VI lU~> 

F 

PTFE <4 PEEK 

% 

0.135 

0 

0.111 

50 

0.353 

100 


41aliJ lilaLitf! .4.6 

c 

ljU2l» .1.4.6 


Uj3 5 Ll° ‘((jj 44 j4ij JjjI) t4-5if lS-^J j' C ‘ '**" «-l4 

^ual ^jUtJj a jl ^ - -*-31 4_a. c ji jl^Jp 41 ^_j yt- yA jac. 14 a j . ^ilj_i*ili]l 

o jl * - ^i'l ^Uj^aj cajl^_k-all 4j'_a. (jia^xjll ej!ia Jjla jLjjjl \-a j . 

ala l. u.x^jl '3>JJ 1“' 


Axui^jl ^JiLa 2^41 AAjlall 4 541 ^ jl- "H (j-sl*-a]l djI^iiLui c\ iijojl^j ^jl 

Jalj .((jjjjS jjj! JjjI) (4 _jj Clil jj^ul jJ a \;->- (_gA sUjjkll ‘■"\;j 4 jl ‘s-Ijj j2I 

lg'4-i.^a ) 4j yl->y'\ 1-it 11 . " > m jQ . . ^all ^jljj^j duiuj^i]! - " l 4 .J ^ (JIa* 4*2 L^ajl ^ 

• (4-6) J^joiII ^ 4nu aiA . -. il"nu 

ClilLoi jill Jj J 4o 4iljimall 4jlsilkaj CjlLaijill Jj'jQ (_4-^ c4 J 
(4) 4jV tCbLSjJ b4a ^jic. ^aljJC-Yl iSj^- • ~ 3 <_S,4^ AjAo ‘ “ '' 4 J * 

a-ilka-all 6^)1 -llC- S^jlg..A*a]l QA ^jUaJJ (jl (j£-aJ (^5^ .hx.x*r* ^lijjl 

c4i-s j - c4'jj lP^' c 4J u' 24^ ‘(o 44 j4j 4u0tA^ 

^Ijial (_$ __)a. -Ia3 i_n*2l l-l^J 4J_4^ 4Jla. (_4 S-^l 4^ ^Jam ^k- (j.4^ 1 dlla5Ua 

. 2 ^ I jjUaj Jal C. il"nu 
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Cll.Luj C‘ mm jiSI (JA Aullxi (JS1 Cluj jAjoJ js\\ jj (j-G CliU£j-<JI 

(JaIjjIIj A jjjLuj jk AjjoCaC. dlIu£jA AiLkCal <jl V] .((jjl^ jJjj Jjj!) Cul^uuJ jj 

Ic^, (Jjj^aLg ^jala^jl (jJfaA,:?k jl (Jj-q ^ jjJaC- (jlaA^. £_a 

^j^aj .^)Lja jjC lu^^aII I^u3 (jjfL A_ll_aJI ^11^. 66^)1 g ksiW ^ 

l ^ ^Jj La£ CuIjj!1a]I JLutlJ 0jtu 

Clnj^ajo: jill <jli 6 6 ^/u>> IjjjIj CluLai jill Clia j\\ .1 

,^)Lja _jjjlj ^aJ (3^ ® j' 

.6^)1 g (3^*^ ^)LCa jjC fc2yi3-^J^ .2 

^Ju ^jjoi^j (J^JI ^jlaA^kjl c^li]!3^jVi £-a C* n'i jjjqjjAll j! CluAjoi^ill (jj .3 

.AIujaII Cul m \lu Al^jlLa 

tBu 




cl±ij jiui j3 ^Uj (jjJiuiu -4‘4-( (Jji}3 Ji -4*2) 


-cjjj-^jjlti -4‘2) t>yjJ : Mark 2112 oAU ^^Sc- ljUjI-J : (4-6) JUJ! 

Jjjjj -Cijj -^Uj -4‘2) : Sandostab®-P-EPQj n "nk <ija (J^La Jjjjj 

tiujji^i ji ^jjUj (jAuAu -44 - ( Jau3 
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hjkjl] .2.4.6 

.Aj^La jI^a £-a A^£^a SjLa£ PEEK (JaxILaj \1 jIjaII A£.^Ha Cjla.i.ik.1 ^3 

i j La ^ic. ajjLa]I jI^aII a 3 a (J-qjjolj 
.A^U jll UiU^I • 
lJ aLJI • 

.( jA\ L_ iUll • 


a_11La jI ^a ^a ^j) ua\VI ^>j) \\ a \^ ' d \ jjIjI ^jl La^ 

s * * t * 28 27 * 

^| llili^lj ^IaaII PEEK 31 a .Aj^jIj £^JI^a Ldajl (^aslIuZij . ’ 

50-20 a^l a^u l£jJ I ^1 jaJI ^ 15-30nm a^UII cbUUll cblj Lb-jftl 


30 29 

, “ AiJf^W j ^JI^aII ^Jajoi (JjAxIj (JjaII (j£aj • AjaII ^3 


ljU i J aj .5.6 


aJj£a L^ajx^a^j 4^pl-l] l.g.'U-k^aj A.a^.a Aj^L^j aJuli PEEK CIjIiLuIa i^Lia'i 

cA^-^Ha AjjLijj djliiilaj ^3 dH3j 4 j c_ iLill £a 4j£^a jl ja j 

tjLdiK lda.il AjlinJaj PEEK . La^aC. A jxn.Vig \1 djlc-Ld-all j (jl^jJall djLc.1 n^n (JajolJ 

. La^jjOj 4^»l£aJ djIjI-Loaj cdlljUaJ ^.j'l^i'll ^JaLLcj <3 jdlA 
bj)\^^. djLa._jJ ^3 A-Jj^ll CliVI j (JIajlLuAj A_aJlx-«JI 4 1 ajaC. 

(JjJlaJI ^ Lixj . ^ Lille* Ijjl^a. I jl j&Lail ^ llLi'n Laa 4 400°C J] 360°C (j-o (JL^a]I 

1 1 g w 's-ix ) AdaSllA ^Ac* lla.V ^jliui j 4 djl ^)J aj\^I 1 c 3 a (JIaxILujI ^lc* aJ! 1 aI ^ 5-6) 


^1 .1.5.6 


V ^ j3^*i ^Ac* (Jj)x^n^k\\ PTFE ^jAjl^J ^Ua ^.^Ua (j^AJ Ajl C_ij^jjL-A]l ^Ja 

.» 

4 ^pda.1 ] AajILa PEEK A^ldaj ^j*tiV*l .^ILaII ^LxJnll Ig-llc- 

A_£laJ ^.^Lla A.4i3-a UJ*^ PEEK (JLaxJjjj! (J^aj dilj 

. 37 A^ojla 
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(£jjjS jjj) Jl>« <JU*U Jjia. : (5-6) Jj-iaJ' 



(JLajiIIujV 1 

CM jSI djliuki 

32,31 

jV jjl 4>« 

33 

■ Ls , ~i ' 1 AC, 1 7m . " '■! aI Am 

34 

jmm (jaAii izm f i^i 022 

36,35 

JUSI *!12l CjIaIau 

^unyi 

37 

^caJall ^ILg 

38 


^bj^ll dalkuLilSI 

39 

£& j£ll .Vqc. 

40 

dj!>L£lll Jjc. 

41 

dll o^lc-V AAjlill CjLjI Jajll 

A iilall Cl A1 ' i3a.\]l 

43,42 


44 

4 2 l Q /\ \1 [ ll . ^ ill 4 AV 1 a% j| 

45 

C lA* \1 JaLsuCajl ^jLL-a 

46 

^Uaxll 


PEEK jja— . 420°C j 400°C S J ^ CiUiUJ 22 

A±*a 12V1 ft y^[) (j-a ^A 4 acuIaa]I aXqL^JI ^11^21 . Lilacuj 20 [IIH ^11 c.^. CIjIaaa^. ^jAaLi 

.Ajj2isll jl K;2I ciiLajjai^ jl 12221 jl <is.iJLxill 


AjaLuaaJI Alualft]! 4-LuifrV' .2.5.6 

# # % 

LxjujIj V^aILoj! djLoLaiAll Cjl j <L-ali]l A-liiaC-V^ 

lb jlUl ASjUII fil_L<JI ^LkJa^J J fiLiXi ^Jjal^JJ (JjUS £ja l AjSjall J ^Jjaljll]! CIjI 

CllLljJaJtA2l 21 jl (JauaJ LaJ i. 221 Aitjl jl 4 a2a ■', U.2I j\ . " 'I Q - ^ II j 

.ciiliu jj 2I j ^AjjUiiJI 4.4 j..-»''I) s jL^ll j 
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tC-JjJC. ^jia l^)C.V UljoiIj VL&»d..J 4 - 1 *luC. V 1 aAA ^"ihj Ail 

AjLiiAgIIj C CjLjLl£ 11 6 ^j, W x> 4 _xjjULgj cdiLoLaiA]! ^Jra.i.bQ ^)JC. j ^aJ^)C- (Jj-g 


^^Aj . AA2k.jJal J J AlljLixU^ <AgjULg ^)Jjj (Jjjl)^gJj^ Cljl^).)xijl^j ^)g.Jg.l 

6 1a cJx^j .Ai^ill ( ^3 AjuLoJ! Cial jjAaII (J!>L^Jl)U <Lli ^jjc. LAaC- 

.4_lgLuia AjjAc-I AjIa^. j! j-g (qjjj£ ^jjjj (Jj^)I)^J j^ll 


|j jA^-G ^ aj AjjaiC-VI AC-l.dra (<jjli£ Jjjj Jjj!)^ J^ill (AjI^J-gJ jJ J^illaJ ^jSl J 

^caUIAI (JjjLoj! ^Ic. t Jjjl^)ia]l JLudJ ^Aa (_£A1I ^)-gV1 cI^A^JIxa _jjoiC« *• > 1Un) 
^jjjj ^JjjI)^]^ A_iAc<l ^.bJaadl ASj^jaa &Ac» cilljA .AjjaiC-Vi *» < u«o ^3 


.^_Lid]l Ajj^}j£1I ^^3 (JAL^-a <jA PEEK (3-° aAgLulg A_idc.l ^k (jk*J 

^ja E>i» ) AISjj ^ '^n^ll iAjj^j^II ^j>ia^ k AliJ ^^3 AjiLuj aAajlj PEEK ^)aj d^j^Jjuill aAA ^3 

o % 

Cl±J^}j£ (j>iA"t (JLg*1LuAj (_jALoia ^JJC- PEEK e-ljaiC. ^Ac. (J ^^)J31 j .AJjC.^)a]I Aj-al^A. 

J> * * If 

£JJJ ALl3^) AiLla ^jJ^£lil PEEK (J J^a C > A-lAaC-Vl £jjh^ .AAiluill qa \jl1a (Jsl 


.1$1g ^jAxa^JI <_ja o^id ClaLixd o^jj^iuaII dAA <_ja ^cjjj . ^1 aA 


, AlE 


48 51 * 

Aic. 4^J . ^ 15 °c sa^Via Gjlj^. (JLgxHuAj tAjALalll 11 rd ^j^AJ 

Clll^^ll q JaASk ^3 PEEK (j-Q &*^Aga (JJL^a <jjj£j Jai3 <jAaidixi 6^)1^)^. 

^j11i1a]I JIg 4AiLal-G ^iC. 4_lAa-a^. AjIjjAg (JLgXJjoiI iS^-3 . 

^JjjLojI ^Ic- AjIjjAg]! A-G^ajl ^j-G ^jAj . ^ ^gjj)qLn\l J 

iAjIjaLg j AjIjjAg ^JLg*Jjuj 1 ( ^ic. Agjxj ^^4A PEEK A_i*jiC>l ^lAadil 

^3 A^A .<*ijj-G 6^)1^^. C1 jL^,_jJ Ale- PEEK 4 jl3j^)-g (jLiic. 4-iaaj djli 

. UVl^ LuAq 104 (Jg& ^3 ^ AjGjJVI 


JJ > 

jjjK -1 J ^j^li 3 j^jJI ^j-G (JS .( 6 - 6 ) (JjA^JI ^ q - l}a dj\ j)-i» a \\ 6 AA (jAx.i 

Aj-gLoiaII SjLgII AjlSj^-g jUi& ^ j ^ jJa3 ^ jAaC- t. ^ S $\!1a 

.A-AaidlG jUc. lg..\r^j CljLjdLcilf jl A-nJa^ll AjIjjAg]| <JIjU 
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S^jj^jJjoj AjJaC-Vl AjL^)la (JaxJjolJ j 

> 

l^ja lSj=h *jjj^ lA TIP ja 2 £ .(Thermally induced phase inversion (TIP)) 

AjuIj A_ id ^11 AaDLxjI U-J^ c (Ja. 


A^,^) J < 3 Jj£j Lo-lic. . Axij^)A Sjlj^ C'll.->jAj L_jjia\ 0jJ)-o i. Ijw-ij jl Jim 

- L . 'J *!■«" (j-a _jiJU ^^jc. JJ^ 3 J 1 ^ 8 '..' ‘ 3 -ij-n. .'I (_J-a ojl^aJI 

((jjflLa)^ Jj-a dal jj*a J ^jj - 4 alj V' :.\ j j j; i-ill J . ^uq ^jjAaJI JJI J ij^xj 

. eJl^jluLiU 4_ijJJa 


0 jj-all (> PI Jl jj .PI\PEEK J U>aVl Jjl <Lxj-o (_ £J^J c-lljLaJljj 

CO 

PI (j^AJ 6 ^-sa^j-sa^JI A_^.j ^Ic- * ~~ I (JjWMlj 

AjJai^jA LAJajoi JSJliia 6 ^JjaI (Jag (J^aI £-<* (JjjIaj 


Jl # # Jl 

4_JuC.Vl &2& (JaxHuU . Lijjj j^)J AT-a ^a AjjaC.1 PEEK AaALoi 1 x^njl (.j ^- 0 - 3 

18 SI { 

0 j | ^a ^ (J!)LaJ^U (JjIS ^jaLauJI ^jJaJ jJlIt . J Lj^Lk ^ AjliA^Si AjjaC .1 Ig.’jjwraj 

^j. a _ j c*\j \ kl\\ (. ' 3 n till l^J .l_j jC-^a ^iC. ^a\ j&j 4£.La11 £a Aj^jJaxll Clil n^<a\l ^ja 

^ \W t^ViH c^h \ fay]] j^Wn .( 5 - 6 ) ^ u^-° (Jc-lsoj tLijj)^. <iLj jiLaJI ^c^a^ 

^a^j AjjIj^^]! A-iL-ajA^I ^jajJj . £^LaJI ^ 120°C ^!ia. AjiLoixJI SjIaII (jjA >*n i 

.0 jVK^ll cilij jiLaJI j^y^A^. 


(JLaxLjjIj ^j^Louiil (^jjJJ^ ^jjjj ^jjjj)^JjjJ (Jjm Vi 

aJj^ qa Ajj^aSI L_ialxllll A. : ).1 .i£> a£j11a]1 cPEEK (j-o AlLaLk JalAjI 

. AJ A.\~\.a (_$ ^>\j <^LaIS AA _jl£ 

. (2-6) (A o&* tJixA PEEK jjaJjj j& PEEK-WC jaaJjj 

A.a.i5Tij PEEK (j-Q A^jli S^aLHo _jjo Cljl^jlc. (Jj-a3 AajujC.1 ^jjjJiaakJ 

dil j A_i*j1c.I J Jl 4 jfi J Jaj^jjai V* 3^"i (j^-^3 . L_±Iaj|\L_flL^. 

> >« 

. 50 nm 1 ^j£Iajuj a^^>1I aA jIs a. 4/^ S^jju^j A-^.jjiA Li^^l 
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^aJ ( ^ic- PEEK-WC l! J^-*Q (J-g aLiS^) A'ilia c > vwaj AL-alill AjJqC-VI 

> s> j> s j> 

.a1^1a.jSI a. ■>■ J° ‘ --4I (jc. (Jl jjj 1 °°'VJ 


^ ^£^1, cjljjia PEEK :(6-6) JjisJI 


4.^. -lie. 

[°C] 

AjblaJYI 

[%] 

A Wa i 

jUiiii 

PC] 

A 

jlg-^ajVI 

PC] 

[D] 

Js. ,jA\ 

349 

<50.1 

360 

161 

260 

(J 

349 

<50.2 

359 

93 

244 

(jliu-a 

350 

<50.0 

438 

196 

228 


349 

<50.1 

- 

158 

306 

jjjL ^p^-3‘2‘1 

349 

>50.1 

- 

225 

198 

c^ilnn^ jj (J inan -4 ( 

302 

> 10.1 

301 

79 

214 

dilj iJ^liS 

274 

> 10.3 

284 

51 

182 


349 

> 10.0 

389 

- 

264 

(JjjaaII j (Jjnall diliuj j3 

274 

>9.8 

280 

-1 

207 


302 

>25.2 

337 

71 

197 


274 

>9.8 

298 

69 

198 

Jjnal' diljjlj 

274 

> 10.2 

293 

- 

218 

(Joiia-1 

240 

> 10.0 

269 

- 

158 


302 

>24.8 

305 

18 

249 

jjjJ 4 

241 

>5.4 

305 

18 

249 

jjjj J-0J_>J-4 

302 

>24.9 

305 

50 

182 

u>4jJ4 

241 

> 10.1 

259 

27 

170 

jjjJ 

349 

> 10.8 

384 

-50 

391 

diVtiS Ji£ jl ^lii 

302 

>50.6 

310 

189 

266 

J 3±i3 jjjK 

319 

>50.0 

- 

214 

214 

C5 j\jj-'44 
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PEEK-WC AjjaiC-1 ^3 (3fxjj Lo AiLjaj 

5j^jILgj tL_uj-oV ^)j*^ aj-^JI Jjjlill .aj^JI Akjli ^jIj-q (JLsixjjoiIj 

j L3UJ! (jjjLii ^-pj Aja^JI ^jLxJI (jji ^ ^j\c_aL^. ^j^c. 

. ,JaxjJa]l j 6^)1 ^)^JI A_^.^p j ^2! 3^3^ (Jj-g c A_ijj^)^ 2! Jaj^juil] l*jj g-l2j21 

. A^sLjaj aJL^.V djL^lL*-Q u^-J < ^ c '^) ja ^ i — ^Ijuic. ^ic. 3_5 j ^ a ^ k -^ 

* i 

^3 (JLoxIiui^U A *\ /ti^Q 3° <^A j cAjjjJj^j All^j-a^- 0 AliLuixill PEEK AjjuoC'I (_£-^-p 

U -0 A£.3^-® 3=a\_xij\ L-kj-aj 2ilj . Ij 3L^. CljLaAllaj 

:cjIjjjV' ,^3 


c(SPEK) uiL^I (a iyS jll) J ,_* • 
c(SPEEK) uiLill (ui^ J4 M)J*i • 
c(SPEKK) oiLollI (jii£ jjl£ J4) J Ji • 
c(SPEEKK) uiLill (oj& jy£ >J >J) • 
.(SPEEK-WC) Jj~ 1I ui L^ll (a>y£ JU JyJ) J jj • 

Cjl^lAii ^ic. ^ 4-LkfaC-Yl <_jl O-l^J ^IaIaV^ *■ ^ ^ ^JLJ 


. <Jlc. jj j^)j j . 


Sr - -' 


59,58 


(Nafion) 3 ^^ e-Lujc. ( ^j ajjoij Sjja 3 Aii£j Ajjai^j-o Ajj^ijj 
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JU&VI Sjl^)a. AajJ £9 jjj . Ai4Ljj Aa,j.lJ Ajj jjj^)Jl AjL-aj-LI jjLj 

^3 Lx-sa ja^Aj iAdj jJj^)JI A j\x.-tja 3I ^jjjoi^Illj . ^ AjiLuJI AajJ jL^jl £a ^a.la.^31 
^jjliliS j)4\m A \ x ^*>laAl ^jAAjJaj t <ji.Ljj.ll AjJaia^LI Aa^).l3l dll A AjjoiC-VI 

. 59 jji^UI Zr(HP0 4 )(0 3 PC 6 H 4 S0 3 H) ^ £ .jjjll Cjliu, > cjUji^ja 
a!a3I 40 — 15 ai43aa Aa_jd Aa43joia3I PEEK-WC aj.L^. 1 ^jlnAl *^43 

a. uAa\\ jA2kjj aL4j (JLaxjjujI <_£^>a. ^43 j . Lila. d \\ qj i ^k a 4,/!^ Ajjoic.1 


^u^L-diL Ajjd Ji3 j . A.k \'\^\ AjjaC. I ^jjJaaL 4 JLiaI dliL (Jj'La ^^jLj 


jUI 


pLI Ajjaic-VI <_£djj . 80 C dc. A3.nA.ll <L-aL4ll A-iLc-VI Alla ^ a!a3I ^k 15 ^4^- c-LaU 

. ^ (jjjaU Ajjac-L (jjULi LjLaj£j$£ 


AuJblaJI (JAjJa 6^)jli_A]| S^ddLI ^a^Aa.ll J)aaj AjjalC-VI (J!1 a pLI ^JJjoiaJ (j£aJ 

ji 

(H 3 PW 12 O 40 ) jjjjjgj j9 Ji k tiar nil (Jja (^^Lial (J Axlixd d n«\ . A— — j^)j a j 1^31 

(H 3 PMo 12 O 40 ) ^3 — j^jLiljA^ajaijill (j ^a j (H 4 SiW 12 O 40 ) d l i j uAx d jA Aj > * >l l (j >a A a j 

. 63, 62 4^^]) Add- VI ^9 dllildaj Igliwaj 

PEEK-WC ^cj^a u -0 Ac. ^^-aLI ajj^)£a1I cIjIaI-xaaI! <dl j a-Loc-VI (jl 
^ AaVI ALjla3l A-]a9l aII ^Cd ^9 iliA tA_n3a3l ^ ^3j«JI ^9 ^IajaI ^.jJra_jA ((jLj_jjj) 

. IfrjLjaliA ^ J Aj Jjou 3I dA3l Lila. 


£pj*l\ SjI^V 4Ltiil cjbjUaJI .3.5.6 


x^ia (J4a ^9 ^JraS.j 4 g n^ill ^jadii aLLII Adl-ailll diL^jUaLI (JaxILoij 

A9LA ^LjjI a3ja1a3I I^jI^iaa ^ in>n cilJjj cAjjjjj£ 3VI dll jjg y^W AyalilaVI AiLaSI 

jl i JaxjJa'L ^ jjnWI c_iaj jjn'3l ^>jjIujI AjjUaJ Alla, ^k .l^jjj Aiaj I^j9l3a 


.C_l3Lal3l (_5 JjoLa 31 ^gic. LjLiaj£^£ A*-lxia Jj 


1^-1a ^lx-aj ^Il3l oi-J jlna.1 ^ajj-aaJI Aa. j ^Ac. Ia^_a ^jjSj cdjL^jUaJI oAa 


^liLc. J jc. ^jAjJajj C(JjIjjoi3Ij pi 3^33 Aa..u^ Aj_jl3aiJI (J*aj 1^5^ 6^l^a,VI diljl^joi 
SjIa Aiix-aJ (PP) ( j^)j) ^gAj^ ^jjajI^j (Jaxjjojj ;L.lii4j .l_LLoi3Ij L—iaj-LI ^jjj^jjoxa3I 
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6L Q.2k jll A-GjlilAJ tA^jLlAJ^]! jI JaII AajLLa ^3 Aj| jjAA C ^ Ihtll i a\S^^\ djIjLal] 

.Q^\ j AjV Ali2j3 ^jjj La-o aJ jill AliLli j 

% ss 

Jl JjA*a Jl Cl il*t j] Jc. Jl jill AiLliiaJ/l Ail Jail jCL^a dbjUaJ ^aJj La Lllc. 

Ajjlj^. J.jj jj3 J Jjj^a jail Aa. j] jjjd lilli j^- \; . Jljill dl jj^-aj adla. 

* * 

a^A ^.A».tiJ .^UJSI ^j^.x^a'vi (j! ^LaJll SjLaI ^JJJ La I2Aj ^AjjIa A_^.j,3 230-200 

.(Reflow soldering) jLa^jV U ^UiSI 


L^AjLlaj (jiaxJ Jliij ^jl ^j£aj ^LajILq 2^a (JaxJjoli] S jjg Vl\l ^aui'i ^2 Ijj 

a'1 £a A-iajl^ (Jc-liuj (j\ (j^AJj . jLa^JVLj ^UJll A. ; ).1 aC- s-LjjI 

(JLaxHujI C_1^J tj in 21 1-l^J .IjL^ijl j! IjjaiLlA UaL&l l * \Ua)\ AjjUa21 CjUj£a qa ajJC-j 
SjLujj Jj-alill j J a'1 ^ja ^k _jLoi^jVLj ^L^dll ajl^^. a^.j.2 <ajI£a jI ja 

.^yi 


^jjju (JSLaaII 6 1 a ^.1 .Ixj CliLj jLla .21 C 1 iIj£ja£ Al-aL^. 2 ja jl n-Q iS 

^gi& ^UuAV! J 6(Jjj-aillLj Cl2j$£]l jl ^jLaaII AjuJa j£ij (jl . jLjjc.VI 

.a^jjLJI dil jjaJ ^21 


AjSj-^j t 


LLLuJ oAH A A-ifLjl^JA ‘LajLLo J Cfi Jdj£ AjJjLol A-lislj jj (JjLc. C-LaC* (JaJIJjaJ 


. (jl xAnjq'lj ^Uill ^3 (JIajUjuj^U SjLa Ig.'U-w-aj I J& I aJUJI c_s,UiVl .LL^li 

Jjj (JiLa jiiSl jl 230 °C (jjlja. ° jdi Aa.jc us'-* ^Jl j JLudJ Ldil (J-u (Jlj 


(JjAjS .l&jJC. j ( ■\)-a ; j) Jjjj ('\;-a') ((jLiLVl CLVLijj) (Lcb\- |ia ^ 

i \a CllLaLuix t dll j^)l L L ^_3 La^-aC- J-axljai-a]l (JLa-a]l ^_3 C,W^a L-di^ ^-3 dLaLa-ail 


.10p.m Jl 0.01 [j.m 


J jjj ( (jJjjjall -CiiLa) J jj (jla tPP (j-a V^j Aji (jjii cala tLda.VI ScLoi (jLij Lai 

liljlidall j j-ul Jl JjI Jj aIjLLI dljjlJI j jj jjj (dal) Jjjj ( jLiijVI dVL 3 jj) 

ddj V ‘(JjjL jll)Jjjj PEEKj Jn \ JJ JJI jjjiajj/JAil jjjla ^Lj 
. ^ ^ jl li.-n, 'VI j »LaJ]| o jl j^. “djC ' V- 1 a_i jjjtll jl*j Vj 1 jLdl 
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.4.5.6 


Ia^U (JjUSI j±. aV >11 j JplSj Js. PEEK diUHL 

JfLj ^A AAJ^)Ja]l Ig-ilc. djIe^Uall ijfiA j .L-l^illj £cJ! 42d3J JUatluiU 

.Ajjjoi 4. ; )SLuI ^ j <o (_>al^ik»j 4_illc. 4 -^^aaj i>ha\ 1 AJaLaU 

^>£j-a jlxJ 4 _^JIx_a]I eCA pUjI 4_^JIxa]Ij <- .Vn^ ^ic. Jjj-a^JI ^j^aj 

Jj^ ✓i?kl' A-A^^yLo Ia^jj^I ^Ja ^Ijjl S^C. jlilk! Cal .(£_j±aAjA\ p^Uall 

j> 

^j^iillj A^iL*-«ill Clllc.^Ua]l ^)gJa.a . ■ "lj k ti^ j\ ^jIj jA ^H-al^Lo djIe-^Ua ^1 c- 

L-l^illj £C_JI ^.JJ^ 4 - 43 ^jCal j ^jLiaJ^ (Jj-latJ Ja^yL ^aJ (j^J «S^j)\.n<a V 4_ijj 
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Cal j ,4 jj^£a11 ^IjaVLj ■ ClAIuSJ (JLaxjjojIj PEEK dilp^yUa .Inlj jL^jj 

(_£j^)£a]I ^Lxjjj^U 4l12v La jA 4j^)Jaj\^21 A ] x >»UJ1 ^3 ^^)ja]I jj^jlmll -liJ^)£ £j\ C in I 

ACjCal^JI <jJ_aj 1 I ^Jajuj 4 ^.Laa ^ 4 _i 3 ^-Li^Call (JaLxa *. > lUni 

CIjIaJja^JI C-lJjudll 1-l^J t d-A aj kuy\\ ^)Ua3l ^jL-a^j £-o ^ jjJaC-^Ul ^JLoilj Aj^jajIjjII 
<Ul^. ^3 £\j ^jj^joiJ £-^3j ^)Ja.?k ^jiai^-lj .Ajj^LaJI ClA aj kk\y\\ ^ja (JjJa3l 

. ^ ^jjuA (J^joU .‘'n AMI £ 1 ^)aJ (JA j 6 ^jju-aV 1 CliLaJjal^II 


AjjUail CjL&USIj OjJjjaJI .6.6 

Cl u^£n)}\ a£\.1j.m ^3 a j j . Aj_j1 VA1 C1jLq^_*JIj (7-6) (J L)^ 

^ qj * ~ * t- 

L-h^J * (UJ^^ _j3j] .J-^j) (jC- CljLlIax-o Clil.r^Qj^aj ^jj^)^.l ^jjJt-L-a-o ^.LojujI (^^Ac- 

^3 SjJjJI Aj^)Lillll ^.LqjoiVI (8-6) (Jj-l^JI 


Cpti\ .7.6 

c_fl^ix-a ^jLuIj Lol .AlilCa ^)Ua^.l ^A PEEK (jC- A.r^.j^a\l ^jlJa.?k V 1 

.IjJ^a I^Iu^aCi ^)a 0jLill ^11x^3 __^ll 
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LjLaj (aJ^ M ^ 4Ji«! :(7-6) JjJaJI 



^ jU^ll ^JOlV 1 

Invibio Inc. 

PEEK-OPTIMA® Granular 

Victrex 

Victrex® PEEK 

Quadrant Engineering Plastic Products 

Ketron®PEEK 

Ensinger Inc. 

Ensinger PEEK 

Degussa AG 

Vestakeep® 

PolyOne Corp. 

Edgetek™-PK 

Solvay Advanced Polymers 

Avaspire™ 

Solvay Advanced Polymers 

Ketaspire™ 

Gharda Chemicals Ltd. 

Gatone™ 

RTP Compounds 

a RTP Compounds 22XX 

LATI S.p.A. 

Larpeek 


9...0 = X U 


Dow 

Dow 


jj> 1\ fji Sjjljll fLouiVI :(8 _ 6) 


^ j' ^ » A I 
-J» 


DC®-704 


49 


0 Ajb * • 4jj J) 


DC®-710 


Asahi Glass Company 

Minnesota Mining and Manufacturing 
Co. (3M) 

DuPont 


^ q > . Cjj j 

Flemion® 

Jjl j4i Jjlij cUic. i [G J jo^j] 

Fluorinert® 

53,34 , . 

jjla-o c _ ljj 

Freon® 113 


Gharda Chemicals Ltd. 


53 ' 49 CN jjJ* -2‘2‘1- jjjlS ^ -2‘1‘1 

Gatone™ 


PEEK 
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£.^1 ja !\ jji eJjljll fLujiSfl : (8— 6) 


W. L. Gore 

Advanced Energy Technology Inc. 
Monsanto Co. 

DuPont 

DuPont 

Arkema, Inc. 

Lenzing AG 

Argus Chemical Corp. 

Ciba Geigy 
Mobil Oil Corp. 

DuPont 

DuPont 
Solvay 
Sandoz AG 

Monsanto Co. 


ic jLzLill , A' I 


49 


34 


33, 


Gore-Select® 

i(ePTFE) djLa LuiAj PTFE alAc. 

2 

(. .tr. 

Grafoil® 

33 . . . 

u jo ■ — je- 

HB® -40 

Kevlar® 

~ .iid 

Krytox® 

jjlia CjjJ 

Kynar® 
Lenzing® P84 

53 (jxJ) J ,ji * TDI-4‘2-MDI- 

Mark 21 12 

^ i"nq>u j3 -dijj- C5 jLij-4 t 2) (JjjJjj 

Matrimid® 

53 (a^lAs? 
Mobiltherm® (Series) 

^ ojl jadl (Jaj dijj 

Nafion® 1100EW 

3 1 100 ylSL ojv uj^b cl4c. tjj qh . ia PTEE 

Nafion® 

61 ’ 2 :L4£VI oliikll PTEE 

Radel® R 

“ ((jjiha JA^) 

Sandostab® -P-EPQ 
JLu-4‘2) 

^ Cluj jlul j3 

Santo wax® R 


0jLjjijj-4‘4-( Jjj jj -l 


49 


A J^Vi-vx (Jjjjfljj 
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£.^1 ja!\ fji Sjjljll fLujiVI :(8 _ 6) Jj-iaJI 



t 

General Electric 

Siltem® STM 1500 


49 (^4 j*£) 

Raychem Corp. 

Stilan® 


13,1 (uii^ J“!) 

General Chemical Co. Corp. 

Sulfan® B 


2 

DuPont 

Teflon® AF 1600 


-2‘2- JJ> JJ (j-o 0 jjIdx jjC. <£jluLa 


<_s £ 4j (J -3 1 1 - 


34 uAy 

DuPont 

Teflon® AF 2400 


-2‘2- (JA ©jjiila jjC. IwLa 


jjjla 


34 oM4 

Monsanto Co. 

Therminol® 66 


49 

Monsanto Co. 

Therminol® 75 


4 /\ d2/Lljj3 

Solvay (Amoco). 

Torlon® (Series) 


33 (^4 4h>I) 

Union Carbide (Dow) 

Ucarsol® 


53 . s 


(_i“i 

Solvay 

Udel® Polysulfone 


“ (jjaU A 

General Electric 

Ultern® (Series) 


33 U"^° * ( v A ) ^ jy 

General Electric 

Ultern® 6050 



BASF AG 

Ultrapek® KR 4176 


- (jjjjfl jjjj ^jUj- 44 (iljJjaba ^LajljJ 


^ ^ (Jj jlljS JJ J jl£ 

DuPont Vespel® 

4 (4^j) LS^J* 
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£.^1 ja !\ jji eJjljll fLu^l :(8 _ 6) 




Victrex PLC 

Victrex® 38 1G 


cj5L£ cTUa jjJ jlaj) 

Victrex PLC 

Victrex® PEEK 450 


ojL2js-4‘l- tff -£j ijAjji -4H- % 


4 “ (uj4^ J4, 1 (u444-4‘1- 

Victrex Manufacturing Ltd. 

Victrex® PEK 


^ ( J.; (; '\f 1 ■ I - -4- 1 - ji) 
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^jjSIaSI ^.UJI (Jl jjj . ^ 250-200 ciu^Alt ^jj^jjjjl^ll <ja 


^j! .4 — 5 bar li* dirk.^ (JIajLLoiIj (Jc.lij]l ^.Ljjl 

^gjj J t^llj ^Lal JJJ^ (_ j-aA^. jl C^L^)^2I ^J>aA,7^ ^JA 0 J)^ a C1jI_ia£ A^Ljaj 

Jc- Lilli (JA^ 
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.2.7 

^Lilxk-aVl djljjaj (Kirchcldorf) <— ^a^ajjail jiil 
S^-aLlI Alb^jlaJ lloj jj CjIjxcJ ^^ ic. ^ PES CIjIjaxuI j±i 

^Aj cALoiLoiI! ^aaj b_fljl£i]lj £^)a1 \W AiL^laJjl cAj^jVqMl L_ajl£!i]Lj 


20 


L 0%t ^ 4 J-N. *A A \ < 


J*,. ,J*XI J^b lJI^L S jAA 1 .1.2.7 


jl-ir- i. V'lK"' Jtliij bjjj£j (jboJ ^j 3I PES djl qa £jjI j Jb-G bliA 

21 • * 

. (jjiLoj-( jSU)- (j^j jjj 

b_i£^o ^jjjJaakJ ^gA 4 _ap!>Lg Aib^all .4^- ^Ha ^j^aj 

Ajtij^o ^Ulc. 4.3*1^ c. ^ nS a (JLaxjjujIj ^gjLij iS w )^ n * 31 ^L2I 

oji^j . ^jjiLoj-( JbiiS j31a )- (Jc-lilll qa ^jjjj £a lij jjjj jl L£^a uj^ 

. ^.9.ua\1 c-IaIIj AaIxTiaII JSL5U1I (_£-^lij (j^Ab Aij^)3a]l 


^US ^ jl^arll L-I^jaH ^jj£b La-I^C. jbAbl ^b!3 ^bb^^Jl (j jjll -ij-1^. Jb 
. Cblb j_JbfLl^U L-L^joill Abllc. LS^ ^jj?**^ ^ L$ _^3ii3l ^jAxaII j j 4.4 *Uaa jl 6 ^gjud£ 

(Jc-lij Cljlc-^jjaa j\ 4.jJ*i4*s. Va C!jI^)jaj\^j ^Jj tiilj ^jl ^j^Ab 

c — ^)at.jJ*a ^ ^gjuj£j^jJbgJI ^gjlbb (_£^jJax3I l_i£^)a3I OJ^. (j^ (j, * /U tiilll .AjJai^-Lo 

^gjgj£j^)^jA -4)- (jAbJ-l 4 1 j\ (Jblifi ^gjoi£j^)^jA -4)- (jAbJ-2 c 2 (JbA 4-jjJaA^2l 

. (jliiA -( (JbjbS J J"^ ~4)- ‘(lAjJ cJ^ a- 2-( 

2c- bj g 1 2 - " ^ 11 ^j^iLoill 'i j ■ : ' v - t^j^ilui-( 2y ' a ' )- 
( _ 5 ic- Cllljjji^VI 'j-aj 4 jjJ=wJ 1 .-'la'-v'l (_g jW'i *^| Jjqjj L_njj]l 1^1 . 1_sjl£j]l 

4aiiS Jc- -b- j'nx 4,fui ClilbjV^ ^ iaj . (jj^jll^JI laijjj Cu& Ig.xjjq'i bbJI 

. 21 PES 

;4 uxi^aH AjTu^iMI Cl_s\ A ( ^jjiLoj jjjJ (JjnQ n ) c^W'ia'i 

t4_j^c.^A]l _jbC- 4 ia\I 4jjj^^J 1 jljjVI blal j 4 j^)Xo bljlb£^)A]l ^ jjjola]! j 
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(jjiLai Jda C 5 jI £- / 44 j t -p j t j -4 4 ^ a Sjl^A-sall Jja-ij <j-al j^-j 

"J ** 

. Ajjuuj jll \,^*i\aj.i\ j>ai (JA^ ^> 12 - 2*2 j 

dh£j-G jl dlj JLojtlLailj ( ^jjiLai jjjI (Jjnqn) dl jiaA^ jjdarkj 

( ^jjiLoj) ^3 . dliajaLba j ^j-lx-a 1 \j x jj-lA 

ClA-&jj * j ^joi^jjd^JI AjjUj AjjJaC- dh£j-a (j-a dV J-21 JJ^C. AjjLda d\_ba£ (Jc-ld 

BP (^ 5 -*^ jj.ijg21 a_:2-j2I ajj)^* 11 dlj£j-2l .^jjiLai Jjj! ^jIjj ^11a <^1-2 

dh£j>a Uol .A (J jiia jl Jda jj4^ c ^ 2-£- / 44 jl 

Jill -'4 4 jl Jjil^ Jjjji Jill Jill -'44 (jjiLoi JjjI JUS jlU Jlii 

(_]£] ^jiS (j^*"° jljjjJ 4 ° (Jj - 0 1.0 J) 0.5 (j «o 1 - 'lU^aJ . (jjsLoi jyy 3 J 12 i JjJ 
ejl^a. * 4.4 .Ale. cJiilSj <jl Jc. i—ajl£j]| . Jj^uS j S ^gj 4 ° (J^° 

.<c.Lu 15 sl4 210- 300° C 

(Jjjja JUS jj_j!S ^jL£a-'4‘4 i 4 ■ 4 VI I ^Jal oaa Jc. J 

(JJgj ^uiUojl _K 4 (_Jc.lij]l JqjSj LgA 1 c.j . <l)uA-a oAL )4 J c4_4j lLiV ^*11 AAjlj (jjLai 

. jji'iii J \.' 3 Jill JUS -'4 ‘4 AiU>»j 

J Jaj j&2 .4il_Ji*ll <±uiill Jc. (jjfllu <_ 3 j \.' q Jill jjjii Jill -' 4 ‘4 jyitj -AaIxj 

jj_jl£)- (jiUj Jl <Jjou11j <1*11 J 0.5 4° (J 3 ! <11 j* Juil .Vic, a ViK'i'l i 4,'q^ V Sj4j 

J] ^A <Aa| 1 Ale. J . Jl* ll Jl <Lollial ^Jc< ^Aa £-G <Jc.IAA]Lj ulllAj ;^jJlul-( tjj^)l 

JjjJI (jjj J (jlaliijl jl jljiijail ViKj < 1*11 J 5 J) < 1 g 1 I J 0.5 (j-o 
<iggU 1 g <Ajaij <iLUal (jli ic_i_jc.j*ll (j-o Jc .1 jji*J _J 1 Jj^JI ^jjjll (jl£ lilj _J 1 

22 • •• ■" -* ( ^ 

. Aj^C. A_xua]| ^gjj AjJai^j ^jl (j^iLoi cJA^ 44 (j -0 

^yaju ^3 AjI V] cAjjaili-oj AjaJjaiJ Clll 1^21 jjjJadll dlj^Jj£il A^J^Ia ^jl 

.\n^ Jj 4 ^ Cjjj C — J ^ uUuix c^ c * dVL^Jl 

^Ijj ^ ^ ^la (j-ix-G ^ 2-0 aJc-ILq ^ jdj tA^j^Jall & 2 a 


Jj.ui£ lA JJ (J jllS jA (J jl^ 


(•) 
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(JLaxjjojLj ^jjjj Jjnqjj) 

£1a jj . - 100 (im JIja. c**A ^gJajoi j aIajLg^UI ^jjjjAjjjII diUjj^S 

4 ^. jj SjjC-j-q l^-jj .£j3j jg-loxn ^jjlll AAuuJall ( ^jjiLai jjj] (Jjnqjj) jj CjI jj-aJ jj 

LgAjjc-j i djl *s x a jaII j iClAjUjJlx]! (Jj-o JA±A jjlll jjf^J V <•“ U'N Ciil qjlvill ^3 j-aL^. 

.CjLjUJI jl AiLLalll 4 j t 4jjx^ ill ^Ul j -0 

> 

(jx £- jj . i_j_jc.^>x]I (jjlll jxujj (jjij jl *^y '-"' (jl '■"''> '“'I jl' c£*i 

Jl Ajtij^x ^U.j J_j^j 4p.j3 (jjljnsj.ill S jl>x£ Jc (_£j!Aj PAES jjxj! jj 
. 24 PES CjI jjxj] J AialjJI t*K <jx 35°C jl^Lu jj 260°C 

0 ^>xL JlxxJxulj (jsLaixll PAES (jx 4 jjI^ajC. 4^ Jl*xx C_]l jx (.1 jp j( , >> ^~' L 4 JJ jjSx ; 

1 J*' ijJxutjjj]l djlj _jJ J 4 Uinl J l jjxIaxII (_£ Jaxll Jj3 jj]£ jjjll (J l.\nmVl _i 4 ViK"' 

t gjljLi- , 4‘4 j c^jj^jxxJI JUS (jjsLo Jjjjs JUS jjji^ JUSA4‘4- CiUJLo jUS- r 3‘3 
JjJp (jjj LixS 12 a 4 VK-'ll (Jc-lij aJajj . “ BP j cjjjiLx Jjjjs JUS jj_ji£ 
lx J! 4iUjal . 190°C » jl ^p .lie. (NMP) (jjAJjjjj-2- JAix-N J Jjjx 
4-iiaiu ^_A jx 4j ixaj J Jl3 Jp - Clijj-4 4 a J jl Aj^j J 4 x ^ Jlxxiujl (jSxl (Jjjx 

■" ^ _ 26 ^ 

q ^ l-% I t ^ ^ c> mU aJjLa-q ^_ilc-l_9jj J jjqI I ^\*<*< 


AiuAuJI J^u S jaUI .2.2.7 

i-'-lv - '" 12 a j4*j SIM ^ 41 jjxJ^JI Sjxj i-j-l'"' jjaj t^AxuLaJI jx’ii i «-<l <-'M i SjxUI 
i. ViA'ili o^jxlJI (Jc-lij] JLpxll ^xjjj lx liAj tAj^JaaJI 4ibJlj 42ajjjx]l JjljJI 4j]c.lij 

. dijA^JLj Ux U I ^xjj 

4jjjxj]_jJ 4jjJjoiJ l1iI 2 Cjl^)Jxj]_jj ^liLuxjl i__ajl£j]U s__plj]l (jx ^jjll I2 a ^ JJJ 

_jxj]U 4 ViK-'ll I Sj^i1j]I Jix L5^p.7l a^)xlj]l djlxi'y 1x1x3 liii. 4 ^ 'IWij |2a (j^lj .“UJxiijx 

• 4xjjlp]l 4" jjlc-lij]] j A j^ll 

Ajiix) ^-liLix^al Jjc- Ajk J J3 AAxiLxll ^xjj a jxi_lll ^-ic- ^jxujx J^l (jl^ 

xjl jj axil ^jJaxJ 4jl^. ^g3 l~a~4 J ji] j . - J XJ3 aJJ JA - p ^Hxl JlxxJxilj ( (jjinjsll 

CiS J ^gij . 4 JI 1 I jjxjj jxll (jx 4jlr-U'i Jj£| (jj£j 4 jjjxj]^j]I aJjxLxII ^ 4jjl^j]| ^pjll (jl 
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J J <- V'iK'i'Ii S__>a 121 Ajc Jj4 j2t ^gi 2jjlgj]l __>A jll ®4l jll Ajlftliol! 1 " ia 2"i^l jji.Y 

aj . aj (Jc-lij \c- j jkj . Jc-lioll i-»U-N. ^ (2-7) J141 (jJJJ . _ .YuaS j ja Jjj ji4 Jjjja 


.'i^o (jj^)2ic. ^21 a^_i a-21 Jc-lij 2 c.^)aa 22lgjll __y-a2_j21 



■IujS jjjS J2 jilui JaLs jjjIS ( ijlSj :(2-7) JS24I 


l"' 1 iiilui (jj j2 jj^jK- 4 1 i-_Sjl£2L o j421 .'lie, lg.o-.iql ojAlial! LuoLuol o"'4^jl -21 J 

jj ja ^Lj jj_jla ^ljj-44 j)A a jjj.oo-a 42 a£ 2iLjaJ -Ijjj . i"il ijil. jjjjjj jj_j 13-4 jl 
Jji^ ^12 j j ^jUlj- 44 (jl 22 J ■ ^4 -2 c . a ^4 a-2j j jia ll ^21 j-1^a jjat... 

** ^ 9 # ^ ^ 

3^3^^^ (3-7) (J^ jjoII . iLoloJl ^a!j L_ajl£!i3lj s^aLII 4_Aax 3 (jj)^* 1 

. (Jc-lioll 


- 4- ^^)^l3-4 (j-a -lla. ( (jjiLu ) C5^J^ ^JJAll^J C- 1 12 . -->1 (j^AJ 

244 <iio^aj (jjqLoi ^ Jj'jajjj'a ( i— -V. q jjjis) £-° (jjfllm Jj ;a ^jUj ls -ui£jj-1i& 


.Vic. (jV jiUI ^ jii] 6- ^2-1 8 ^-a i ajl£j]l .(4-7) 2421 ^ jAiA _j& L4 

t^ic.1 jjjl21 Jl jja^jaII A^ooij ' g ja (jj£j 4 _j2i! 2 " e.l_ja>] -2c- j4j . 120°C 


10 


UtA (jl AioiLJl ^aIjj ^^4^)41 ^a 2U i— 32424 a^>4j 2c.l21 


‘■"vW ' 


j A-A o2o^Jj_:jj j3-2-| 2-4 24 ( Jy,;° yj 7° -4) |-5 ^u^-o_a2 A4^jj2ii41 a J-221 (jx ^4ii 
£.42 tjSlj . (2lAi4^J^)4Lj o 2-3 OA PES JJA ll jjjflLu-( Jj' ^ -4)- (JoUJ 

a j 0.1; 11 4 j4r- 2al . 2^*4 ^J j£2 Ajjja. 41 jl <2 a£- l " i^^’i 1. all £21 -l a ^>a 121 ajj^iiai 
^'ija jjj2.,'-( 2jija jj^ia-4 )- (Jaaj ^a 2Lj24 (_44-5‘2 2£ja2u21 

. (2jjoj^_^j ^) 415 44S 211 jl ^-a PES J4 a2_jJ lg2o 
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X = F, Cl 


■SO2N3 




jjiluj ^Uj jjj & ^Uj/44— j lj! L ilui ^Ia-4 1 : (3-7) JLuJI 





(JjLajjjla ) -, 4- jj^- 4 > ijlSj :(4-7) JiuJi 

UjLi AZi . uaj jj^iiui ( 


; AjIASj j 4u2jia]| j-ajJl Agflolaj dl y- 4 4£jl2u» ljI jjajI jj .3.2.7 


jl dlyi^^d] jl (Telechelic) dsyja]l < iq iXa j dX£y3l 

1 jl 4.q ;3a j]| SAi^,j I J-°j 3 ^Xjjdl yj_j]l Adaiidc dly^All yl 

yx Adslxj AXyida y^ALai dil jy }\ y c. 1 ~d . d yy^. di . XEAdl ^9yla .lie. t4j2c-lij 

.daylail djLii jjyla yxj yj PES j dayUl djlii jjdfc J^j ls'-* y^EuX PES 
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^ja£j^).li& ~6 (JjJ- 1J (Jdj ^ALal- 3‘3 ^Lo (J-GXJjoiJ 

lAA . 4_iLjai£j^).li£jl 4_i3^)3a3l (jq\xn<a\l L_i£^a11 4t\kxsi) 

cillj CjJ^jSSI (J>l^ryl (jjiLaJ-( (JjiiS -4)- AiiLaiJ L_l£j>Jl 

.(Jj^XJ 

^jljj ( <. 4 yij)^\i>t) (j^s fc)- (Jjj^iLai- 3 c 3 ^i-o (J-qxjjoij JUIjj 

A_iic. (Jj^a. 2 kjj 6 (jqUxix^l A'\kj>si\ 

.(5-7) ^ 4-iixg C1jIj£j-<JI . (Jj^juII l1ij^)j£ 31 AjiLaJlj 






so 3 h 

. ^g- m £ j^^ja -6)- Jjj jaLu - 3 ‘3 


(jiiuw 4 ijiajj <Li 2 jial! jAji\ ^jiiuM jAAjj^A :( 5 - 7 ) Jiuilt 

4jjiajj AjjjiaJ! jAjS\ ^jjUj 


jl (jjsLj-( (JaiiS jjjia-4)- Ajaxwl dl ^L q^j^a]! o^A ^AjaIui £JjoijJ 

4ia.jA tl jj^Ij .Ala.V <- V''K'i <1^.^ ;t_ujjjlLj ( jjiLu-( J;d ^gjaiS jjAiA-4)- 

(_JA (Jj£ ( _ 5 Jc- (_5 jid 4jjsl*j <£jldo dl J^gic. (J JJWT^'I ^J2J 0 jd.1 d£jl£j 

(jjsLi! ^JJjl ^gj dlj£^)A ^)-Q (Jj£^ C^iiLoWJ ^JC- <J^)JaC. jjflLu ^gj dll^S^Q 

^_gi ( *HoJJ dl j<j.» 44jil*ill dl jjLaJjjll o4& jSjj »" dliidl t _ s J& 4jiluals djUr- 

J> 

fi.A& -liSll .AjiLauill ^)JC.j (Jj£A1 AA^-g (J ^laJj t-laijJail 4_LUj 42 ALuj 4_^.^).Aj A^.1 j (jl 

. 4 jcA.*i 3 *iju*i 1 A-idi^l ^ jl j-<J I 
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4-aiwa]l LjUIaJ) ljIj £i\ jj»V jj .4.2.7 


Vi La .1^. ‘VaVjJa V ll cllilL djl^lxul jJ ^gAc. L£^>^ 

JLal41 (J j£jjI£ Jjj^j- CIjjj- 4 S^)-alJlj ( (jjiLaj jjjj ) ^ jJ Clll^ixul y 

ALsLlla-a (JLaVLuAj dil^lxul ^21 V iLL'l^i . (jjALaj (J^iiS ^Lj jjjls - 44 J 

• (MALDI-TOF) 4 u>iLaJi Ijj^A 4x. ^11^11 j^l j-LAl ^j-O (_^Li£] <Sj£JI 


£-a ^.IVlll CIl^Ic-Uj qAZL cU£j^ 4j ^SVLq LJLil£aIlj S^aL (Jc-lij Jajjjai 
(_£ . vlLtill ^ I 1 j Aj^)J ^Jjol^LoAI J^IV.vIl ^ixjj . j)\ ZtiViV I (J^-l J* 

o jl.g.j^-a A-aVjJall Cblal^JI C1 jI3 C1jI^)Ja jitJjVl (J-Q Aj^LiLg £-a PES (j-Q 0jl^j4l 

. J^l ^41 ^L-a^l PES Aj^jlLa tl.1^. VjJaiVi-a 


£-JaVj ^jl VxiVjJall « Igjt ) u.Vj j jIjaII &La ^Lij] (Jig xtl J (jl 1*^A (j^-aJ 


30 - 


^SWi . (jI£a 1I ( ^3 AilaJI ^AAj S^jaIJ 


o*^'j£ - J 4u* .5.2.7 

S^aL jjjaj (JLaxiaul (_j£] j ti__sjl£ 2 lU S__>a 1 j (jjiial J ju__)3 S__>a 1 j jj A ^ 

tOJialC- (Jc-lij £Ejl All Jj ^ 4jlajoJ! «. Jjall (jiial jS- (J-ll^)3 O^all .Ic-JJjal jiiSI 
cili diljj-oJ^ji t<41i LS Ac. S jlllc. .l^liiij jl cjc-liill alc-j (j-o l^ill jj . '» ■ -■-'' 

ijc-liill Jaj_jjui jLuVl ^ 131 i^gJjai J^Jjail jl VJaiVi-a (jl^}jl 

. ^ ^ IjjaiLla I jliiVl 

,3-a.^.il L_l^.U-a jA jaaJ j 2I jjjjl J.\n4 (jjfLj - (J*^^ Cll^lc-lij 

.1 JUtll AJj^la J 6^)1^)^. C1 jU.jA 3 (Jc-lilll ^-l^^^l ^ 131 ClljA^Jl ^ 
uj_J 3^1 4_J_^ L5^^3 (j -0 Jl^^l ^l^psl lS cJ^14lo11 6 La c > \\*'\W 
fJ A411 (JLoVLail jlojjLi A 4 I cliLiA j . 4^31 ^ 

^gjj)*ljSll j41 Vii^aJ (Jjj^nll ^g-*ja£^ll3 -p byAj ^3 ^jij'lxilVl 

3 1 

. (j^iLalll ^)Xa^j^-Q Vlix-AJ (Jjj ^iLaill (jj^b ^g_*ja£ jjb3 -p 
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O' 3 '-**-' Jc-'A? ( (jA- UjA) tA^J ( UjA) A^ J .. u> »'-” 1 oAi 

(jljJA C1jIj£^)a £a A jlj t A.4)Ja^]l 4_ijljj 

. $. Loll iaj^}] aa^-^a^ ^jjoi£ jl ^jojLa^. j ^ jiLaiSI 
A^aA^JI j)A J^Sjj^I 6 A* A c — (J-° e-L<JI j)j£j 6^-allll A v Wi 

Aj^i^J ^ 11 ALaiLaJI jj-fx-aJ .Aj^JaC. A^l^. (Ja j ^A"^ 

j)A ^Lils ^jAa^l A-^,^)^J (Jc.li!ill (_£A^ . - Aj^jJaC- A^l^j (Jjj a^A^ GA'O (j^ l*-a ^“^AA -0 

.16 — 20° C AijiJI ajlj^. A -^.jJ 

. (jAiSl a^- (J ^a^ ®A^ ^2a U -0 4_iLa9 ja^W I 6_j-^i^]l ^Jj ^ 

AjjLALq Ajjuj 4j-1xj (Ja lg...Ac. J j-k-a^JI (_£a^ CjI jAxul jJI ^ lg.ilc. a£Lg! AaJ j 

^jua^ ^li3 -4 j t A jlj * ti^ a^ A^ 4.4.2a ^11 ^gjljj IjJaA^ A!iix-aJ cilAlliB a^ ^jAa^a^k ^j-o CIjV a - ^ 

.2 Jj ^jjliSj^ij C5 J o£ jll2 (JIaJUjojI j|] .^JjiLol Jjillmj-4 jl C^jjiLol (JjiiS 

•(uj^) A^ 

^Uj- 7‘2 J L-i^A -0 A.'Ua^j (jA^^AA*^ - ^ (jc. ^aLxIlxjjJ Lo^jc- 

a_jl^)^. A-^,^jJ ^)Aa4?k.V.a (jj^. <^3 (JliSjVI ca^A^" 4_^a^ (J^A^ 6 (jJ^aj 

3 3 ■" 

. a^jLai£ SjIja (J -0 l£A^A^ J A^ 1 J^a ^ A^ ,A ‘^ a ' 1 ^' 


^ialuJ) .6.2.7 

^gi ^Ull lg_ia.ll SjIja aj 3 L_3ji^^)-<2I aa tillil .*UI1 aa^) 1£ PES jij 

. £.La11 A^WI <UIjl 41I (A*^j is^ AiiLaJI J .A-iudC-VI Cliljl&ij aAIxUaII ClitiiJaAll 

djl i CjI jjaJ j 2I AiiLo: CjLJI (Jancar) jUiul^. j (Kucera) Ia^ a^ a^a*^* 1 ' 

^ ^ 34 

— NH ? j —Cl l&-° A^A ^A^A^ A^a^ - a ^ ^ m' 1 (Jc-lij aa^ 

^j^jjISII jA AjiLudll (Jc-lij ^3 Jajadll (JaLjlII (jj A.jj'4^.11 ^9 .Iaa^-j — SH j — OH J 
AjiLaJI c — Qy^x^a'a (j^AJj .(Jjj^^C- (Jc-lij Aj^)Ja*JI C1jIj£^)a]I AiiLai (Jc-lij jj . SO^ 

: ^ cCjIc. ja>a ci2)Ij ^ 


(jAaA?kj ccilijj)4\xt) (jAaA^kj (jAaA^k ! A.jli.9 (JaI^C. .1 

. ^ aa^ 
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■Vuji^jI (jjlj j i j j lIuALoi j . d;al,,3l l - '1 6 , j ^ : a j\;3jjKjy' jc. . 2 

.Aajliill Jajljjll J <'\ :r dlflldall £-0 (Jc-Ull (_ji]l 

du^)j£]l AlmSjl ^tjl j-q j (■ Jjjjfll ■ 21 Jlj j I j ' 1' (Jc-lsjH .3 

j|jA ^gJ! ^jIjJjJ ^)JAj\^a2 &^JjaIja]I AjiLulll jl ( (_)^3 dll^)JAjj JaII AjiLaJ (jj 

JS .* 

. £-ik-aJ ^3 L^a j .A-ijaiC-Vl djljlaj jIjaII a^A (J-axJjujJ . s-LaII a2^»a 

^jc- ^jjaJ ^ 21 AiiLai ^j£aj CIiI^ja ji jaII A-I^La Lo^jc. 

A^. J^ill j! . (jaLolAll ^}JA jJjaII J ^J^LoIaII ^JJC- ^lA JJJaII (JA Aj-lilill Ajjolj ^)JJ3M 

PES AkaLuj (j^Aj • AjiLaJI a_^.^j jLpJ ^a CjI^iaJ 

O/T ; 

.AjLi3.} 15 (Jc-lijll ^»JJj • 0°C ^C> *^aLaij^^l£ll ^3 j! 

^laaj (JajcLjjj ( ^Jj^j-b-PAES (j-® aILsIxj]! A^^Laa!! dll ^ iajI^II AiiLoil 

^paA^.J £-Ia ^J>aA^k ^JA 0 ^)..bJa,2kJ (j^AJ (^^11 (JjJJjalVi CjULa 


37 




g5l>Jl .7.2.7 


tJj'jaj' ) J jj 2>° Allii-^la i _ya\ dj\ j ^ I jla^U AijU JJC. PES 0jl Jv° 1 . '^J' 

dLdlji] 4 a£&]I ia£UJI . 38 ( jjiL. Jjjj (jJjiji-4‘1) ^JJ J (ujsL- jy 

( Jj4) L>« J^l J ( (jj^ 1 J^j J j'A'.O (j* LS^ - 

A^Lja^lj cilEj 6 1.1^. AjIa^. Ajjjjj AjjI^^ AajULg CjI^jaa c ( ^J^aLm ) (JA Clilljj 

.a^jliiAA A_afLijl£jA 


^ya^jsul j! t Ajj!^]I <ja AjI (J^aj 

Aiaa-All ClaliLjaVLj V l^jj IaS . ^ .Wa^ll 

(JIaJlLaV I AjuLoJI Calais A 11 ^-A I^IujLaJ AjjI JAJ^ A-GjILg <-dlj 

• 4 ^L^' ^ 


Cl2iUj£l JaliiAJ PES Aajli ( (jjiiui) ^ jj dll ^tiij 

A 20 ( A-lx-all <Lg jlaA^I ^Jlxll L_u£^j!i]l I 3 a (Ja . a Ai^all V -^a A.34a^ij j 
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tA A_i 3 ^L<ill "b j £jLja 2 l L 5 ^J 6 dll _ j\jjoi 3 I Ac-l.u^a S-liLo AJj^k-o LxLai j AjjoiC .1 
aJc^-q A-iJa^lj SjLaJl Cjlllill A-a jlLo <jj£j A' n«\ Ajp^aW dll - 1 i. 1 gj 3 I j A-j.lJa.jl dll.9.ll3aj31 ^ j 

.Ajik jii j ^jLoVi djldcxa ^3 j ;(_)-ald. 


^liLoi) (j-° 4-kl-daj PAES ^)J<ojj^i3 JjL3l Ja ^ida-Q L-lSIS ^jg.j^a'n V 

jl^-*^ajl A_!akj J £-o ciI3kj 6 360°C (jC. djj diL^,jA Aic- ( (jjjj\}^jl 

. 280-290°C J\j^^ ( uAmi31 diL,) J ^ 


PAES j ^.U.J>31 JlijjVl A-^.^p (jli j21 4^31*-* du Ail didl -^kij 

5L-»I Vi^ll ^jc. 0j^j-a3l ^ji Jl _jjjdj Iaa j . c — qaIu iS* i ^Ii31 Ia.i^j ^a 

. ^ A-dldd Aj^jaaJjj aJj£ ^j A_a-SLx-<i31 Ajjl^aJ du J jVn 


(uAh^ jjA* <*^> (u .d jAj cAdld*? i> cs-^ 

l^ldJlx-o • I . ^ jjl £ (^3aJJ ^sajLk-tfa^. ll3Lo Alik^aJ ^^ijid£i31 . ^j * nS jl ^j\j j (PTFE) 

a2LlUI c-lj^VI £-La3 (jLo jll31 AjuoiI j dildnJaJ adiLo j ib jlg.A^all j 

. 4 dl jiUJI 


PES <> ^U-al -8.2.7 


:<_ili^VI 6 AA ^ x AVl . ( ^jkJjoi ^jjjI ) J AikUl! L-kl.daV 1 i^ynx..\ L. kx^Vl ^Jakx^l 1 AA ^3 

‘( oA£ jAjjA uAuO iAj* • 

A (jjiiui jAjjA aAuO <A^ • 

• ( uAuO (A_^ • 


(uj%* j^!jA OAu')<Aj^ .1.8. 2. 7 

Aijli 4jjUr_ dj\ (PTK) ( (jj^A jjjjjjj uAjjO <Aj^ t — 1 ^ u] 

^-a 350°C 'AjJls^a jl,g,j.^a~ll <ja&3 (jjj l4jiij^all ^LojlLall 

o^J Jjjjll (_5j3 L_Jia lilliAj .135°C (j .-n\.-^. j 

.AjjAaJI CjUliill ciiVLa-o ,ji CjI jjaJ jj3I 
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^jUj- 4*4 j cl*^ u^ PTK caI^jjaj] 

42 £ . . ..' ' ^ 

• L 9 3 x ^ xC “ 4^ *■ < h’^a ^3 Aj^)a£j A.W\& Ajljij (Jc.lij 

f 

.$15 J jl AjoJI ^aJ t$2Ll I^I^JIxa AiC- (J£Lula ^ilxJ PTK CljljXftJ jJ 


CjUJUa]! aAA $i,J*aj jl jl jaII aAA JAJu 1 4jiiSi.ll $aill A^^ j (j-° ‘4-^3 AjI 
^ inui $n!lj ^TiaII ^k A iui-n ' 'CjIjj^Ia ^jjSj $1 <KjouJI aAA £^.jj .l^-alc. 

. _j j)\y41 (Jaxa 


j^!j^ 0Ai3) cA« .2. 8. 2. 7 


Lq..Vu.3 . (J^LolaII ^)jaj\ ^ 21 A-3^-^] t- ^ Vi cPTK \ 

JjiiS $Ulj jIIa ^j\£-4‘4 £-a liryjg.A Ui^iaC. L£ja A2L-aJ jSIa ( ^jIjj- / 4 4 4 

^JA j£ ^ ^jljjalC- C^J^JjoLA ^)jAj\^J i J^k (j-lXA £A ^J^C-lij C^J^iLal 

• 43 cs^i >■ UJJ J* UJ^ J4jP^uj^ J4j£ 


A_]aajj Ia^^Va I^)^Lj ^J^iLal ^)jjl^jj\^jjjj£ A^^JjolaII CIjI ^JA jl^lil (_£AJJ 

IaAac-j .AasI jaII PTK CjI^iaJ jj ^ja ^ic-l ^U.j lT>^ Aiaj £-a tAjlijjA 
^gk Lijlijjl ^jjiLai J^iiS $Ljj jll& i ^j\-u-4‘4 jSIa c ^jUj- / 4 6 4 ajjoA ja^j 

A. ng.i Ijnu’i ^jni^A ^j^Lj (Ja*_a ^3 til^LaiA ^)Jaj\^j ^ic. ^ (JI^a 


l^AaIL p,\A An 6 tii^pjaLAll ^JjAjl^ili lAA (JjA ^LAa^j 6 (JIaaII (Jj Utl ^lc< 

(j^li3 jjAj ^jLjj- 4 C 4 j (JAxa ■ ^ j A \ a a) j ^jaac- AiaI c. ^ n,S a A‘\kx^) NJVIP 

4jlill ^ja ^ jijj a\ 1 'jgJaj ^aJ .(j^iLuj ^jljJ- 4 fc 4 J 

^Hi) j^l c. .V ),A^a jj ^ 46, 45,43 200°C SjaL A.-lIa.c. 


43 


CIjGjJVI AJj-aLo A^Jj cLxjojI j IsjA^ajJ l^..)lc> (JjA^a.^11 


AjI ^iauI jaI! ^ Jl^Sl ^ AjIjj£1a1I ^ ^ 
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((jjiLj -3. 8. 2. 7 

diljJaJ jJI . — S— S— ja j LS ic. (_£ jlal allljJaJ £-a JAjtli ^JaLall IjA ^ 

c(6-7) 4 4 ; nU ojjSiLo l^Ju<aj (_j£xj i _ s lJI i4£jl4ui]l 

.liui^a IV';; 

^Uj -^‘P J Ji (jplli-p J ‘■'"'..'J.'^" (Jc-lijj l2jl4att)l jAaJ j 21 JaaiJ 

44 


(_) j}V‘ j 4jL2J^a ‘A. zj] djlj a J ^ \ ,m V\’ ajLa gjUll j;,a ;.l ^l]' . ■ a Vj\' q 

o 




. 147°C J\j* T g ^Uj 

\ / ^ O' 


44 


-S-S-»jLuiS £* ( y^iLjjliJ) :(6-7) J£u4! 


a2uuj ijil <lluiiuJl ^jh (jjlluj Cil jjaiIjj .4. 8. 2. 7 


(glL a L a (jjaLu J-aj (PA) ( Jj-ol ) Hll JJaJjl i-_kj-aj -la] 

^j-^^j^jS- 3)) - 4‘4 ^jajLoil ^Ic- PA Hi dIa ^u-u^j . ^ 4.4*1 7^11 

4j£ja jl i(7-7) Jisll jiajl t^JjiLoi J ; ll^-(( (Jjj_Aj "P)( cr^-A^ 3 
(J-aalul . J^jljj-p Jia ^ jUr- (jxal ^jUlu £l] 1*1 t ^ j £, -4 

(jxal ^Uj HlaSj-a £-a 4 ;(;,X 4.q;A jll ^Ljj (jJaaaJ tcjjLSlilU ajalllall a j*4 

4 _lDLajl Ilia Jaaailt <ja JLijj .Ijjj J..' 1 ..' 1 * AjjUr- 

J> 

^Uj-m (j-® PA Ajjl^aj 

,I^)Lj JaaISI Jajl j^)ll ciali PA cIjI^aJ ^ ^lc .1 I^I^SIujI 



ujaI^j JjUifl-(( JjjJL -p)( C5 ^i£^La (jm#-'4‘4 *(7-7) JluJI 
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infill &ti» PES CA jiAAji . 5 . 8 . 2. 7 


o^oL L-AJUaLill A^jli CIjI ^Jc< ^ ^-- q _^ aC ' 

^IfLoa .l_i*joo1I PES ^It^sLi JjVI 4 A^.^>a]I <■ # vn j cdlil . ABt Jaxull 

^JUj-5‘3 (J — C-UlIj J — .m3 ^ — jIjj j jAiA - 4" J J gJbj-5‘3 ^4 lla-k-al 

AjIa^. A_!1JjI till j c J-^iU (Jms j^ -0 -4 £ - ° .iiaj^j ^jj^Ixa cJA^ j,j 

. ^ (JaJI ^ HBr ,*-o J>ysll Sj-« j 


-4- ^Uj-5‘3 S^aL *UjI L_ikjaLill o jLoII ^1x^11 ^ajjaj 


,\n>iSjl jl JjjjiLai Jmajjjls ^2>lj-5 t 4 t 3 ^ cims ls ~^ jj4^ 

> s # 

CIjI ^jja jx_AjV 1 ^aLojj . Eij 3 Ijj3^ (JmS "5 4 4 4 3) 

l 0 ^ ^iaA^j ^Jj (Jjj-ia^]l ^3 a,AA S^aLlII AjIaC. s-IjjI Ajj)S*\a \1 

^jjjLjjI ^ic- AB 9 ^ja jaa^jja <- q j u^ j 1 >>ijl c $ «^3j .^jjoSI^ 8400 j 3400 


LSJ^ 


jS)j .( 8 - 7 ) JSjiJI (jjx« jj^jjj-all 11 a 


■ 50 L« j^J ^ 1 


o^al2lj cSlljj 4 ■ all Ajj _jl£ (j*a y^'j L$'~ ( Cj - ■- aJ ^j-a 4_ u.2m11 

cii^. . ( jj JjjjiLa (jiUj-( ^lii jjLija-m)-^^ . _ j^J i__ijl£i]lj 

. ^ FeCl, (j -a - ;-.^^ - 1 _^ dilcLj 3 SaaI 120°C ' >r - (jj_)ijjj!ii]l ( _ s i S^al2l 


OH 



-4)-4)-4)-6-( Jjjj2 -4) - (_>ujj- 4‘2 :(8-7) JlAll 

£jjUjj-s-5‘3‘l-( Jj1i3( 
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.9.2.7 


djljlij jA L (j^l ^Jljjj Lft-lic- ^JxJajll CliLuaj (J-ftJtlLaij 

A_xuiAj L_J ciilj j 4 lg.xxia.1 £.ljj]l fijLft (Jj-lxlij djV^kJl (jiaxJ ^^3 L_JC.^)j C(j£] J .AjjaiC-Vl 


NMP A.\:\J ( <jjiLaijjj] ) ^J^j (Jj-Ixj (j£-ftj .Aj^JojoJI ^ja Will 4 

* 

^Ukjll (j-ft (Jjj u> m . J jkxll J! (AA) (j2a-ft^. AaLjal ^»J 

^)jx^q'l Jj^a £ ^l^jll Lir^A-x^a . <)r?k.xjj.4.v : vl' AjuoiVLj ^jljoiJj 

.AJa^)Lft]l A-i^JUdiilll (J3^ AjtJOlVi ^JjjlUj PES ^ (Ji^lill (jlxj-ftjj cA_^j-ft]| 


(jj^JJ Aij^Jal! £>.l£Jj . t. 4 j\j^j£Vl fij-ftL l^A' 0 Lft Ic. jj PES 3J (JlVn 


• ^ t_jSl*jSI Jj£jJ-ftJ jj 


(Jj-q tilLoLai£ jjJja jjjII CjIjIJ (JaxjjoiI Jjl (Barton) ujAj^ 

^Jaxj J4, A_i*_ii]a Clllj£^)-ft l.g.'tq.x..^ (jjJJ-2- (JJ-1 j_jjj ^_xui£ j^j.liA -N 

cJjjail JUMI 

. (JjalLailftll Jc^Ujll L^jA^?- L-fl..\^kJ tA-x-la i^ixi 6_jl^)^. CljL^.^p Cli^J XJJUaij]| Ajc. (j£] j . (J jJJ 


A-ftjjll! (j-ft <ialxJ-Q Cl2>lc.lij ^jjc- (Jjjai£ ^ j^)£JI ^j-ft^j c — P AE S 

jjj] (jjL jl ) jj-ftj]jj] 6 (Jjjoi£jj^£ 1I AaLjalj jjnll AjjjJaC. CAjS^g £-ft ClL-lc.lij) 


j-0 Jj j* J l 5 *(jl jJjj-A* J ( UJ^ 1 

l_j£^)-gj A^ILl-gI ( Ja*j (Jjj (JL ft.xIlx.tilj ^ A_iL-ujI Jj^j^ISI Jjj) ^-xJa-G^JI 

^>J* Ll3 (Jc«lij ^Ic. (Jx^^t *1j . ^L^Lal^j^jajA Jjjli CjIj_JLoiI (j^JJ-2- (jj^J^JJJ ^joi£ jl -N 


6^A 


(jj j j\ X Xil' A xxiil VixJI SjaLJI (_^^)^j v .^JXjoallj (jjjJJjaJI Jj AsLjaL 

dj^ylj^j^ljxft (Jj-ft Ajljjjja CjI ^jj-ft ^xjxJrai Ljajl (j£.xu A^jJall o^J .Jaj^jjai]! 

.aJxJalill (9-7) (Jlxll! (jJJJ . ^j-ftl (Jj_j£V^j c (JjnxJl 


o jl xxiSi CjIjI^jII A. ; )JaxliJ P AR S (j-ft Cljl^)j-ftjl^j Jc- (Jjj^ariJl 

A_^.^)J ^LJajVI *^>^- A Li x xil ^j ^IjJajVI A-iLftC- (_^^)^J . cJA^] 

.CjjjVI (j-* j^. ^ (jjjc-Lai sL-ft 370°C cJAft A-*ijj-ft Sjlj^. 
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.3.7 


^3 PES jil a jl'r't.al' AjjIjJjjsII (j^al j^JI jJaau (3-7) 3 j.1^11 

. (jiaJL 4 j jail 



JjAjiSjjjill jj»jj ^ilajAll PES i^il jx«j 1 jj ,-> j« h't :( 9 - 7 ) JiuJI 


u-IjiJ .1.3.7 

jU^ll L ,s^k^\xi I .L-aj j i AjiAi^ya (j dll 

J J^ll dll^ixu] 6 t-Jfrl 4 II j) A*J 6J ujL^O fijL<JI ^qlnnj 6 Jjl JJ^VI -lie. 

<cn j . A^jJaxJI AJlxJI lg.ix..u3a L-Lu.u -1 l^jl j ^.43a* i jl I a^)A^^. ^^3 ^A ^^jjALuj^ 

S^aLIIj ^‘iJ-U^^ll C J ^ g 'Wa\\ ^JjiLaJ- ^JJjojj (JLftXJjall 
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JAA t <. ^4141 -4 ‘4 j jJAij g4l£ (> Sjl^iil 

. ( (jJjJjVI CIjVIjSjj) JJ ^ILi. ,_ji £-0 (jjaLal 

ka^c. ‘ " i 800°C .4c. S__y*jaill w < a\' JA^'I i_ijLa4 

(jjimS -4 ‘ 1 ) J JJ (j-0 (J£ i _ s ^C. AjSLilaxi -Aljlc. L4I JC. jjLoj^)SLj kjjjLa 

(4-7) dj^AI (jlu . ( (jj^a J4 (jjlma-4‘1 jll A JjjA ( uj^ 1 J4 

JknJI !4& (j-G AJjojLujVI 

^yc- iPES (j-G ^ .liALaJI c-UjI 

. ^ PES i- i g i ll SjIjJ Jl 6 j j^ifrSl jjJi^j (jjaUI j * j ^La. jj 


a PES :(3-7) 


^jjji jL^ii 

^11 

4 ^ jail 

AlLaL^JI 

ASTM D792 

gem -3 

1.29 

4iM 

ASTM D570 

% 

0.37 

<C.L_o 24 ^2 c-Lall (j-aL— aid 

ASTM D570 

% 

1.1 

.lie. e-Lal! ^aL^axal 

ASTM D638 

GPa 

2.3 

Juioll 

ASTM D638 

MPa 

69.6 

-lie. AjoJ! A-ajULa 

ASTM D638 

% 

7.2 

y* Aie ^ ^Uu^l 4 1 1 ‘1^ 

ASTM D638 

% 

120-60 

jUg- iVI Aic. iJjjill ^JUaluil 

ASTM D790 

GPa 

2.4 

c-Li^iVi 

ASTM D790 

MPa 

91.0 

£ 1 '-a iV 1 A-a^liLa 

ASTM D256 

J m _l 

690 

~ jV^\' _ij J)j| a.v^ 

ASTM D 1822 

kJ m 2 

400 

Ajioll A-a jlLa 

ASTM El 356 

°C 

220 

(J jAjll A^.J.1 

ASTM D 150 


3.44 

(60 Hz) dulj 

ASTM D542 


1.672 

jLui^iVi AijjS 

ISO 4589 

% 

38 

(jjauai^jVi (JJd 


°C 

390-360 



• Slovay 4£j4 j* RADEL®R R-5000 i ( <jjiLi 444 ) J jj a 

3.18 mm b 
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-^( jjj)) Jjj jjaJ jjl jaJI JlaaJI Aauuj ijfl jejIjUI :( 4 - 7 ) JjiaJI 


J - >^>a 

gjlill 

b a 

du jdll .\u^ jl ^Ij 

b a 

L*J>^ 

b 

dij^y 

b 

JJJJJjJ 

b a 

Jjiia 

b a 

jjjJ Jda 

b 

jjj] Jda lIA^ 

a 

(jljjijJjj ^lu 


( jjALj jjj] jJjjjS-4‘1) Jjj 
( jjiL. jjj] jjJjjja-4‘1 jjj) A J jjjS <_>JJJ) Jjj 


AojUa^I .2.3.7 

S Jl 

\ Uuj iiUi j t JLiju£I 1 (Jl jjII jjx Ac.jl La (jjiiuJt dll jjju] jj (jAij 

Cy*jj j to jj£jjj ‘ (J<~-' «"<■»" Ajtjjlaj JUjuS]! Jjal jjll jjUj .AjjjjuI jj]I 

(jjjj (J jl Jo. Jc. jjiixll (j^-aJ . ^ g ~> 7 ' UtjJaLi. jjju] jj]I (jlS 1 j] La j t<] jxj]| 

. cIjIjjjVI J A:V,:^ Alial jjII 

J5 JS Jl 

jjKll (JjjJall J^J **^11 a-li^. A-gjULo jjiLudll jjjLojI ^Ac< dll jJ-odi j 2 l jgJa 1 
C-Lall j^joiI Adai J^aj*J AxJ Ajd jl£ jjjll Jja“^ .AjlSjj-g ajlj^. dlL^.jJ 

tUdel® 30 ppm jji^ll u-° djLjLui* j 60°C dc. jj.iSLo.ll j£LaJl 

jjl£ 30ppm <^11 ^ 5 ojj ^ L5^ '-^ ( g2j^ l5-^ ^ 

.&Ll<JI Jjj-ajj A.joiVil ^9 diliniaj AL-saLdll ai& ^ jj£j . ^ j^dil Aldj Jju $.L<JI ^9 


A^Lj^l .3.3.7 

JS * 

tilljLQJ .(3-7) (Jj-l^JI jidl aLjLjj^ L-aljd P AR S dlljJ-<uljJ j^-iaj 
Jj*Jl aji j] . 15 kV mm 1 Adad Jj^ djc- ^ajIj 

. ^ jU$jI Cj j.i^. jjd ^ajjaII jj^Sll A-^jILo ^Jc< o^Loll S j^l jjjIjLo ( ^a ^Lljj^£il 
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CjtLulaj .4.7 

**• 


. £juj! j (JS^ PAES jJ sA^-aII ^Jj 

(5 _ 7) . A-L^alill AjjaiC-V^ AjIsj ^3 l_jl Ia^jj^I ^jl j-Ijuj 

.diliuLdll 


( £ jil*-4 jljj ) jj JU£uJ Jji* :(5-7) JjAaJI 

(JLAXJjaaVi 

<L-alill 4_J jjaC-VI djUlSj 

TcJaliil Yo jlLall Ajj^^aaII jaVLj 4t l — ^ J-^l 

4 jj \ ^\ 1 l *' >1 a ' < !—«**< \ \ 

A < < 1— « \ \ t ** <1 Q < < Lt**<\ i 

^Uill JjC- A-tJalxHuj^U Aaa. x^ali Clil AjJLaill 2 1 ^ 

64 c iLU| CiAiu 


4iua1ilt .1.4.7 


JjSI kjJa^ilAA 


66 


(Sanui) l $ jjLu j (Rikukawa) IjlS j52j Jac. 4jl.ia> 


Jjjlill ^Aa jaJl 4,j< »fri .1.1. 4. 7 


Jjjlill ^JjajSII j aAajLIaa]' AjjjAl’i g-lll AaaiC-^H Ajj^SI ^jl 

J> .* 

6^)]*nl n<oV 4_iAJ AjjaiC-Vl &^A (Jj-q (_£-1aj . L-kla^)]! ^j-ufLc- J^3 j J Jud ^ 

J1 

(_£^J J .A^AAjuJ ClA-aLalA^ t Aijj£ AJLiS^) AjlSkjaAJJ A^aIaJ J)-baA.1 


(J£joJI ^lajl c(PPESK) ( ^jjj] L)^ CIiI^jaJ ^aII 

j4-i=j . 67 263 — 305°C JU^aII ^2 l ^.V*.j S jl c(10-7) 

ia£3 aJjIS ^A j . I^Ijaa lyi \a& IJ^JjujI CIjI ^)J-<u]^a1I 
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c^jjAj)i.rfoll ^j-q S^£^a1I AjjLaI! (JjII *\ a\ 1 Lot . AAaII ^^3 98 

• 67 L$' J^aj V J 4 <J^' J C U^“JJ*^' 


JjjlaJI ^JjAjAII fi^JallLoV AjjoiC.1 ^jj£j] ^Aj-oj J A^jlAuAl dll jaaJjJI &A& ^jiLoA 

^2 <1a11 ^3 98 a^jAii Ly^^) l)a*-g &aa ^Luiiil A-c.lji.rfO ca.iA . ^ ^ ^jlAll ^-iAu^aII j 

. 867kgm” 2 h _1 *>ja S y^L-^l L^ij^ Usdj 1 12000 (Jjfulc. jJAij ) 

A^._ja dc. 10 w Scm 1 (j-o A-gj3 ^AALaixAl jlj-oll AAjjjj^ll a jL«oj^oIt c* il^jj 


70 


j^3^]l I2>ld. ( ^3 aI^aI! &aa (JLaxjjojI di^>^. Aiis Ia^Aj • 1.0 Ia^jaa 4A.4Ljj 



JjJ^jAa ^jc. C^Lol] ^LaJtJl ^JajuJ Aj (_£Aa ^JJjal^J C. <lAgJ ^AojoAI (JjAstJ _jL^Aj (j^Aj 
(j-o jjI^a j-lJa.Aj Ail . AjjjjLojV I SaLaII £a AAAx-g A.A^xAa dllll^j^. ^-^a 

j-^' Jjj£> o^-^-co- JjJIj jLj^I) yJ j^j J j^l ( uj^ j5j!) 

<jl A^j Aillj . AA^^-AIa cs^ L$J- )r '- A &aLa ^gAj ( <Alij jALuj y)l_Jj^}J (J j : \) a 

A_mjaill AjuaiVl AAsLiiaA (JLaxAjojIj <Ai],Aj s-LaxAI ^Jojoj ^Ac. ^x.a?CA 1 ^Aj ^JUaA Aj wiaII 

.£.!j-A^A! d±2kJ 4_lljj3 (Jjj^A AA 3 I J ]o a J cAAjjJJ^ll jJjAll 


299 




1 g hWn JjjUII AjjaiC-V ClAjjJaxiA]! a^Lja-a]! wiVi x>j 

(_£jLojj jl ^jAALi Aj^jIj lLi\ AU>,\y ^AjJnrv'.i ^ Ti02 (j-° Clil m-s ) 

A-la ju^>3 A.g.^\^ (JLojtjjailj aj^j^L Aj.iij 40 nm 

AjjaiLaiU ^iLaSJj ii—JL^aJ-o c4j n'*'n ^ihj * m 3 nil jjS £ jjJallj ^jxjouII 

U*UI £_2a9J LqI . g- Luixl] A-x> jULaI! 4L_uilill Ju J)j . ~ Aj^c-lill c-LaiiJi aJiLc 

-2- J^ijS-N J (jl J-^Uj * g- l 2l« Jl Aujlidjl ^j C- (J JJjalA 

.^UaiJI Aluliiijl (jl-^3 ^jl ^.IjjI c(NVP) 

3 ^jIjjI -2 j NVP PES e-ljaiiJ A-i^jaiiiill (jja AjuoiVIj 4_^JIxa 1! jjj 

(Jlijjl A^Lja! J . ^ 4-la s-Laix!! Ajj^ij 4^3^ cAJjoiLoJI (Jlijjl (J-gIc. Ailix-aJ 

4j^)JA^jj-<2! 4_LalLal]l 3_^ a (_)*AAA$ 4^- ^liA Jalij Aic. ^lA^jj-fcl! S-l^Iij! (J^joJJ 4laiLaJI 

.^ixJalill 4-^.^p AjjaiLaill (Jlidjl (J-olc- ^aflu .A-Axia^]! 

4ln& j-q (Dip technique) <j*nlian\l aI&j *ljaJ ^ 

4iUail ^^4 * jjJa JU*1 ojI t (Immersion technique) 

Jjj3 ^.jjjall a2a£ (j)l tilli ^Lixllj jl^JaVI IxIg 300 nm Jl 280 nm 
(Jj-btliH Aib^la ^Jaxj . ^£! (J ^^5 ^jjjjJajtlill 4.ViVi A-ILa. ^3 £ LojlII ^Jl (Jj-aj 

jljjaijVi 4_iJai^-Lc 4_1.1xa AjjoiC.1 L-l\j>^a j\ 3^-^ 3^*-^^ A-I-IxaI! ^jjjjJailillj 

3! axJjoiIj ^)jj laillllj 3 ^ lllj . CA <aLt.tu2] V^J \ C-LujjI j 

.1 jU^a.1 351 j ^Ajj jk j A-jjg^l 3 ^Jallllj Ic. 3 

A kj^xliA a^jLo^l A-j A.Vva n ^JajoJI 3^*^ (j^ - ^ 

T/T ^ ^ 

Jilj • U-a (jl ^ 4l?^ainll (jA ^*2i'VLi jajxlull j t(Electrophoresis) 

% 

J±* (Poly electrolyte) Cjljj-aJjJI e!ja.V c i\x».-uJ 

i(AAG) liLl jSjlc . jj^al <_5 j£ 1-2 iAA 4Aj>Vi o^j <(MA) 4A3>M' 

. AxoLsjji (Jjjis-N j i(HEMA) cIl^Lj^SIIlo JjjJ ^^joiSjjaja -2 j 

s* > 

.^UU ^Llg j AW /till A-uluj ^JLx-q A_^JLxa1I Axj aIAxaII A-ijaiC-Vl ^ ^Jaj>„u l$^4* 

Aj^jILq L_L«aj]l (j-o 35! Ajx-llla Aj^jJaC- &ALa Ajj^ij AAGj JVIA J ^lxJalll! ^a.4Wl 
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AjjjJaxl! ^aII (J!lA AlAjalj^yU AjJjAaII JI^aIIj AIAjajVI (JjAxIill .^LxaII ^)JC. 

JJL^A J^Ajj ^jJJj^ll _jl,?kA?klj A9 ,Ix.1a11 0j\aa 1I (JjJaSil (jli C<UjIaa AjojIjA LS^J • 
jAja! -2 (_paA^.j <NVP ^ : )*-iraJ (j-o Ifr-llc. (Jjj-a^JI cilL 

. ^ 50 — PES AAj itilijjiLai ^Lj^-1- Jjjja-2- 

^)4C. AIAjoAVI ^^Ic- S^plS AA <■ — QJXjA^ ^)JaA^Jl ^)JA^j ^AJ AIAxaII AjjalC-Vl (jj 
• AAG^ HEMA (Jaa C-IaII (J^aII &AjAja 1I djl^)JA ji J aII ^JJiSiX J clilAj ^JjJ j£*Jl 

70 ^ “' 

. aIaxaII y£- <JjoiC-V^ £-a ‘Oj'lLoILj ^y y!f- .3.1AV1 o4& Jlj Jjj 

U>A) aL&I 4aAc4 .2. 1.4. 7 


Ajvi'n PPESK (_y* 4c.^)Lall i—slllV! Cjli (jjlill 4 _i2ic.I jj * >> V' -Is! 

j i jiij JjIlcJI Aii. j J jfLiic. jliiV I JLojiIuiI i_g j . 1 4 'i-j - i_aLi. jjS-11 ^j^c. 

NMP (JaxIuiI ^ t4jj4o V diliLjat Ig.’Ux^ai ijji£ lIAjI JAix]! j t JjfLjlc. jJjjjVI 

. 79*78 4_^c.s[\ Ljio <iL^aj 

AxjIj ^ ; ■ ■— ' j to_j£j jIjJp 4L_u^all tJj'-N. ^ PPESK jl ^-o 

J> 

(J^ will AjxAj-aj Ajaj ^ja Ac.^)Aa]I L_fll_i]Vl CIiIa Ajj aC-VI Li^.^1^3^ja ^aJ . ^aall (JAxaI 

. J£ja 1I A.i2kj,LJ A-iij J] 

<*-« c^jiLox PES\( Aiaj| ) jj ^ja Ac. ju^>J Ac. jAa]I < fll_lJ'2 1 Lilli <j2uC-VI (_£.lij 

jjj) j (Jj''“n^\l ^y jjI jLiJI ^k 12000 J) j} ‘ '-' “44^ <jjliijl tjJUa ij^a j 

. aIajLIuia]! 4nj (11-7) Jiill , 81 (MTBE) iJS- Ji4« 

. Jjjlli4lj (jjlijjjj JyVI 2>« jxjlu-aj MTBE (j^ f^ 0 MTBEj J_jjlli41 J^a3 jl 

.3. 1.4.7 


AjjaC-I ^bJa^lil Lj^jjaa] 1 \* i\)o Li£^)a PPESK J-axluij J 

^ <141 ^ 43.0 jA PPESK <J ujjll ul Jis 0) . 82 U-«J^' 

• 800°C lS j' ■*-?■ j^> 
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PPESK —1 ^SL-jSII a ^\\ t ^JjaJ ^JUJI Oxj 

4 '\ : Q. q'~i 'iV 1 _J . ^i~' .Aj^Jaxil fllall i _pj £-g ^J£-uill A-lij A *j.iVi Cll3^]l 

• i-jjj ijjIIj 27.5 J 213.8 J 278.5 J) N 2 \0 2 j N 2 \ C0 2 j N 2 \H 2 oljUll 


o 



SPES 


8 1 £ii***fl ( >y! ) ) <Aj i :(ll-7) 


JjSjI! L£U A^\ .4. 1.4.7 

ijjSj 4jlk <ULa. l j ^ui Jjl 1959 j»lt (Grubb) 4 -sje- jjl£ _il 

oo zr/r 55 51 

. ’ LALkJ! LAx-a 4lix-aJ (JAjj c-LAc. (JLajAxx! 

aIUa ^ j . c jiLoA PTFE ^ j iNafion® ^ jjSjl! LALk A!U> ^ ajjlAlA &jU 

. 84 PAES C5^ c ’ cJ-A 


UjIjSLojI Jj !^)iaj (JjI Ju AiiluixJI PAES dil^LaA^J jm“i 

Ig.Aa jlLo dll^^p ^UjJj ( 

di!j PPESK (j-a A^^liAA! cii! ^j-gjI^AI ■ 8 ^’ ^ a-AAI 

. 8 ^ A iqLuAI dll ^aa jj j-Al o^jjujIjlaI! A^^jliAuA dj-AAL A jlViA! dilj^iLuj 


302 



AjiLaJI A_iiLuixa CIjI li^Llajl ^jjoiLaa]I ^ I'lloj^aV 1 (jj 

^3 ^jjoUJ ^SajSI (3^-^ 6_jjjjIj-q A * llax^All AjiLmxill j-all AJL^. ^3 .AiLa^U! 

tiilj ^lc< AjALalA]l jlj-allj AJ^jULg ciiljj cl^juJalj-o j dAj ^Aluu! 

.AjnUlt ajJC- J ^ t.s\\W i4ji Ai\l L. n^Ti SjjoiLiaII AiiLoJl <L^la .IjAj 


87 


(JjJa3l A-ifLijl^iA 


^jjjoi^j Aj^jJaC. V A^Ljaj AjAa-^j djLLai ^3 

jAj] U^-^J . 89,88 PPESK AjjuoC-V Ajl 3 j^}a]I Cl)L^.^p ^3 A-iL-iaj-<JI 

^3 g Lui«JI ^aC- j C_Llaj-g]l PPESK (JLaxJjoiIj g-Lulail ^3 A_iC«lj^j (j^- 

^AL^II gL<JI J^JU ^3 A-Laic-Vl aAA ^)g.3ra) . ^ (jxd (Jj\)a ^L<JI 

* 

JAJ (Jllljs PPESK Ajjiil ^) 4 -Saj . MgCl 2 J <ia-^=Vl ^a 3 jJj 
Xic- 0 . 072 Scm 1 Ia ^)^3 AjlAj^a aIijjjj^j A-iL-aj-o H^PO^ _j^Ajo^jAII ajLulaSIj 

JAc« ClAjjJj^) 2 l (JjljJ AjjaiC-l ^3 JUxlu^U 1 g Lo Ia&j tl 50 °C 

* ^ ^ jA ^11 L£> 1 ^ Aj«Aj^)-G 


j-uiLlaH JjjIIiaJIj j jS jJI L£li .5. 1.4. 7 

i 

Ll^Lk ^j-q A^. ^Ha JaLojl ^3 S-IiAa (jflLuball PPESK (j-° AjjaiC-Vl .aI^a £j\ CllJjl JlA ] j 

Q9 

J^3^1I i^\\**)a‘) . J jjIjjaII Jj3j Le)L^.j ^j^a^rk J ^3 j (J-^ 0 6 

JjIjj AjjoiC-I C1jI3 Jj 3 ^11 Ij^La. (j-® is^ -5^ (_yax..) _jjoiIaa]I ^J^jIIuaIIj 

lj!>LiJI 6^-j ^UuaVI c_ujaijj . c*‘ \\ a_i*jjLLq ^^3 cdAj jjj^II 

Jt % 

Ll^La. ^gi dLylc-lijll .<JjaiC.^U jl ^all ^glc. J )£jj ^gjll !■“'->■ tlllijj (jxi AjAx]I 





• 93 A 

• <^ 

■ Ji ^3 ^11 


,,\x.A^a.xi]| 

CH 3 0H+H 2 0 

— > 

C0 2 +6H + +6e 

(1-7) 


|0 2 +6H + +6e 

— > 

3H 2 0 


jjj_^ Jc-lij 

(Brutto) 

CH 3 0H+|0 2 

— > 

C0 2 +2H 2 0 
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CjIj (Jc.UlJJ tilliA J JjLj S-LaC- J1C> CjU jJj^)J1 (J&U 

c4\g**UnJ (J ^jllllAH . £ IaII 0.-1.U.1 ^JA dllj J jj,]y I £A 

6^}^A 1 > \ UtlJ (J ^j11i1a]I (JIaXJjujI (j^AJ V ij 6 -1 *j«^a]I AiC- £.La11 

^ic. ^-^C- c . \u*nj t-iaJ^_A]l ^i] ..‘Ixj^aSI ^ja s-Luiiil ^)JC. 

^c. IjljJ ^ . \UuJ Ia lAAj 6 Aa^,jL^. Sjlj ^C. Jj^aII Ig.-Ac- L_A^.J 4 £ LJ>1 JlS1 ^)JC. 

A_iL-a^All J tAjjajljA A_i*aC.^M ^$-a cJ -0 ^ Ajilij (jj . A^^l^ll Sjhll 

. J^.1 JaIc. ^^A Ajj jj j^)JI 

Cljta^_xJI (JIajcLoiIj PPESK A^jj) ^ <<il AjjaC-VI s-l-i-j j/nll (j^AJ 

Jjljj !>ljAa 11 a (JA AjjalC-^yU S.lj.1^. JA ^)JjiaJ S-liLo ^ J 

. A.jJq^ S^jLa^ ^L^sLj i(_£j_jLail (JjLilll Axjoij *Ia1I (J.1xa 

^JjIjj Ajljuj .lie. A_ii jj j^ll A_iL-ajA]l Ai^lj $.Ia]I (Jaxa ^a,‘a,.u 

^)aj (JL^„ll l£^)^ Aj^Lj (j-°J • A^jLuoa AiiLai A_^.^p Aic- i^\ cAj_jIsja 

c $. LaII ^ja (j£ t ^jJiLuijh (JjIaS -Ijjoi^jI jl j^nll J!1 a c A 

. (J^jI'-uaII Ajilii J cA jU^^aII j 

J^ixjj A_iiLaiA]l a£ >1a]I PPESK cIjI^jajI^j ^ja ajjac-VI (jt Cj±£* 

(j^AJj .<_£jl^)^. jj-li^il A^jjIjj tAaj|^)Jaj L-L^all ia jjjaJj i iA jJjaaII jdAjJjJI L-IA^jjj 
^ alj^JI ^ Cljli!)ti^,! ^Jj Aal'i^A CIjUi^, j]j3jja CjI j AjjaC.1 Aj^A 

. Ailj^£]l j Aj£ujl \)a\\ 

* 

gjjj l^j j£ cAjjJaiI jj JaSli. (j-o jj J ]gj C-Ijj AjaI^II A.a^-a11 

AjjoiJj 0J^a1I C1jIj£^ja ^j^)Ja ^jc. c_fljlA l_3^LoiIj A-k-al^^.j ^Liliil Ajjj aJ!1aI 

Cj^^Ic-Uj PAES CjIjjIaJjJj 6Ajjj1a]I j! AJIaj^aII PES C1jIj ; ia ; Jjj Jgjgj . ^ jaII 

•M f 

,^\jLLl^\ jl C^i^LalJ J^lxjj Ia^S ^.Liliil ^)1 J.a.Ujjl I^jul Vi AIjIjJA 


AjiUj (PEEK) ( (j jl^ jjjI jljj)^^ ^a PPESK ^ 

^ja ^jIi^-aII £a Lj-laAV c A_ij jj A j\x^> ^a]I 

iS c^jaLoiAll PAES (j-« a£ jlSaII cIjI^iajI^JI ^jLn^l *^j *^^PEEK 
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jjjl£ 4 i 4 j c^jsLouiil 3 jALa (Jiii3 ^jIjj jjj1£ ^jIjj- 4 i 4 3 -0 lg..ile 

(J ^jVn^'lj 3 j3 jll li3lA Cljllniaj ^A I^JIaxjjJ (jLoiJ (J jiiall j t^jjALai Jiii3 ^US 

(J jaIIilgII Aj 3lAi 6 AiALaill 4^. j3 jUjJI £-g l.-jJaA 4_ii jij Jill A-ilx-a jaII 3l 3ji . jjaLiaI! 
.AjaII ^3 20 ^-1] cJj-aj 4 _i1ja 1! Ailijaij ^jsLoiaII jlAjijAll (j-G ^ j Va L5 Ia^. I.i3a^k 
4 ilc- ^joiIj (JjxAaII I3A ^-gjaJ . ^4 i3i_Aill ^3 ^-liijl Ja^3L} Ajjailll ft3 & 3xij 

.jAlVllI 

AUall ^ ULika .2.4.7 

«** <•» 

> 

Jl^ll ^J-G A£jJjau21 CIjI JlAll Jill J PAES\ jl}) i}0 (j-Q A^jIAaII Clll JlAll Jill £_£3ll 
jV ^ie 3l jaI! &3A (JIaxLujI tdld . ^»3ll £-g a jIHa-g 4iA3ljl (^jjli£ jjj])c4 jj\jA] 

. ^aII £A (JjjLgI ^gie (JaXJjujI A.A.Jo 3l JA £&) »\)Aa 

CljlailJalll ^3 jJ-Glljll! (JaxJjoi! LgAaC- AljaiLail 4_1 aAI Cillj aJLoia ^lAxlil! AMI 3 ] 

^lAxlllI ^ajAl .^IxAV 4 ^alAxlllI J ^iIlgAII ^aAxlill ( ^Ae c- Loll jUai ^-vjAxill (JjJaSl t Aldall 
c> ftjlj^. 4^,j3l ^Jl^JOlllI (jllill £.Ia 1I jl ^ \) ft-LAxll 4^11 xa ^A-* S-LaII jl n 

_jiij) ^1 jj 3-° $.Ia 1I jLkii ^lAxlll ALlAll AiauC-VI (JaAlI .aAi33 ^jjj^Ij o3a 1 10°C 

) J JJJ PES J (Ai^l 

AajIAa (_£3j1 j t A ijU^aII AjjI j^JI j aAiiIAiaII ^j-al jAll PES Cl jI jiAilji (3^1 

t ft. LaII 4Ajld AjjalC-VI eIjA (jj^ ^3 (j A^J ^La.VI (Jjltxll (j^lj . 4_AlllAl£l! j| JaU ftjlllAA 

£.Ia11 Ici^-a ^yliAxl PES cJ^Cxl a j .aAiLaII JaLaijVI ^3 ^liilll Ig-nJa ji (jjC Laa 

^yai\ Vi JaAs AAijlall ftAA (j^lj .Clliji^ll ^AaA^i AiALaJli 

. JjAjljllI ^^3 till! jALalll 

^3 c^ll.SS J ((dll jAluill j>iA>k 3^3^ C3xll ^3 jlillll ^I^aVI-J 

j^LICa! ^lAliVI J\V3 VIj .ajjiVI A 1 A 3 I jil! ^dlA j tAijAAiljill AiuiLuJI jA*>> l^xijji 

^jllll CjIjI£-gI 63 I 13 tig 1 a 4_CaiViA CjU.j 3 ciilA j^.1 j AiALoill 3- 0 ^4^ c!il^ j3 ciilA 

j^j ^ie ^IaII cJ^ll (j^l ^ 3^1 ^xl 3- 0 t ^j 3 j^jlj 2 l jAjlli aALcIaII 

29 --s - * 

<iALiA (Jil£ V aII aAisIxIII a£ jIAaII ciil jaai! jill 3 P tt_i±uill 1 3$J . aAIAijI ji^l 
.-uALoiaII PES ciil jiaiI jj 3 ^ 3^^ 4_iAAg 3j^* ai 3^] 3* ^ ‘^I^ia jie ^ jAl j 
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AaiuJI djlajjlll .1.2. 4. 7 


- J> 

j-v'A' A.i'uax'1 1 jjjSJI J iiaJJ La.Vic. 4 j‘u4l (Plaques) (jliuiVI dil a-jj] 

A^lxjkl (ji .aAiic. djLAaijJ ^ ^ 7 r - U-J^J (jllwjVl ^ jl^i.ii ^Ac- djl ^yutljawi 

(JjJ^jalJ J cAMI! CjIjI^IuI Cjj.1^. (jC« A-ljjjalA 

dlA^Lull j CS-LaII CLjjiLaJI ^Jx'IA^ j)A A_1 ^Aa CjIaIuAA (_£^)^. 2lH 

A juj.i 1! ^jLaj-all Wn i CjI^iaL^LI j)A *> ILfc (jl -l^.j -l4]j .PRS ^l^jl 

(jA A_c.^11a CLy^&xi\\ JIaxUj (jliujjO (_glc> 1 $ i A_i1c.j .Aj^)jau]l (jlluiVI ^gAc- 

.Aj^Aall A \ CjlAjl^aJ (jA Ia^JJC-J t^All (J ^uiC. j C^jLIujVI (j^LtA 


^l4jjl l. \Uti\ ClL j C^L<JI dJUluij cl^Iix-iflaJ A±i Jjjl A-iALaaII dll JAaJ jj]| 

(j-Q AjjalC-l (jl (jia^jiij . CjlajjauAI oAt> ^).jjJa2k.4 *Lj| lg.4j'4^ (_£^)^J ( glill AjiLalll A-^,jJ 
C-LajJI (j4J V jtliA l^llJ ALLoLA (jlLalVI ^C- C_LalJJJ Lj Jjjl Aj j^joIA CjI^IaJ jJ 

^All (Jjl JJOI ^3 ftJ ^^.j-oll 1 J L*1 Aj^^jauill CjLiCaXAAll j IjjLu (jj)^t ujaII (_^^)jAj\ ^Ll 

. CjLkJ^ill .li] Jj (jC. j 

# -• / 

^gi Aj^JJUdJ (jliull C-liiA (jj^fc x*1A Jjj ^ic. Aj I IjJJ (jj-o£ (JaIjS (JL^JUajjU CCjI ^S1 

A.Ag.A AjILoi A Aim A-is^jal (j^£jj C A-^JJAjl^LI Cjlj^Aluill j)A ^^LqI jgic- ^gjl-A -LjuJ J 


100 


g .1 uaH CjIaJjoi^. ^ic- 


CjI.V4x.xQ J JjjulS jl (JLoXJjullj IjjL^J J$ jAaII PES AjiLal (j^-C 

^^gij (jJIaxAa k J ^j-Q (TEP) CjILoJ jail (Jjjjj 

AjiLaJI Cj^lc-lilS c^LoiS A-k-al^^.j Cjj^)J^]I ■ \) > jl CJllll AjIIxII Ailc-lidll 

aLIS jjc. AjjxqJ jj CjUIxa ^jjSj ^gJI UU^I (jl Cjj^)A 1I , \) x jl ClAu 

6^1A (Jj-q ^^3 . Aj^iaj]^]! Al*jiiui]l (J^.lj (jjiLaJI (j_9^ (j-Q ^liLllI Vtnll (. ^ \ n>ij Ciljj 

•TEP £-* Cjj^)A 1I ,\U^ jl (_P^ CjI -\4x.a (JLqxHuiIj A-i4Ljj.1I a^Ic-Uj c. 4)4 cCjVL^JI 

jj^ 1£ ^gjLj-2‘1 jl t (J jWua'I (JLq CjLjLq A-iiluJI Jc-lij <^l^>^] (j^^ 

(^-^1 j£ jJS CjI_jjAa Lq jac- ^gA CjL£^)a1I »^Jj3 jjjl£llj i^jljjVI 

. (Jc-liLllI LluJJ ^gi 6^)d-lA L_LuJJJJ (^iSI t (jaljuJA.ll ^J^A ^A1 AjJjuj CjLjLq ^gA J tA-J 
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f tjiU Jajxua^l A-Jaj) .2. 2. 4. 7 


JLdxjjuj^ (PVP) ( JjAjJ jjjj- 2- (Jjma-N) PES (j-o 0jl j-<a 

Ax_nI2l L- 1 .Ujj.j ^1 jL2>U aL 12 (.** Uxnl Ja2>LaJI . s-lj.21 lajjjJa-21 jjja2l A xthil (j£a 

6djL±j£j2l JLa* <J-2£ a52 j2q gll j-21 6 l)^j • <^2_j^*2j2] £-1-2] a \^\aW j aajI^II 

* * > 
PVP J4-<u] jJ l$-l3 (jjf2 A2a2 ^gi ^gllaj . jjJJjJall ^jhnil ^Jlc. IjJJjl (JAJJ j 

• PES JJ«Qjlj2 (Jx-ala-21 Jaxxjjll ^3 ^UaLljlj jJ-a2j2l IIa jliij ^JjJ^VI (jjS21 jA 
. (j^jiLaldoiV 1 (^Ic- j-21 JajjjJa-2! jJja2i_J (jlxlij L<u3 apli^ll jl..ual (_£ja 2i] 

A-<u3 Ajc. jfixxnj $.lj.2l jjjaj (j>a4A,n c^j^l Ala3J (jjj^i2l s-UjI ^ihl c-Aj Ac.liAjl Ax2 

* 

e-Ljjiil jja (jjU jjSjjll J ( xij^all Jjjlill Jl ejl 4c.li.ljl £^.JJ . tllSjll 4.jqjl 4 jjIj 

.AjjIj^J Ju J 

lj! Jjj jjl£ jjj]| .3. 2. 4. 7 


jl (ai^JIL jjjI) J_sj jl (jpjjj4 JJ) Jj^j t> ^jjj Jjal <_S^ ^ 

j^-an . (Jjj£Ix_a dllAlJjjl^jjj JAxlLa jjJ (J 2 g 4 jar J ^121 2 j -21 dll aILg jjJ (Jjj 2 ^PES 

SJ ja j-21 Ajjj 2I (jjdJoi^H (_paxj c211 ^3 Laj d2JaiJj!l j-o AiAxll (J«q Vi jl Ajjoidjll a1a2joi2 

. \,jjr J iJ-a 

iodjj (jl Ig.’iS-aj a1x.2x.21 o jj-xA 0 ! did ja ^^A A_xjj£Ix-2I dildj j2£ jdll dll JAxda 

(Watson-Crick) ^2 jj£- jjdjlj ^ jj j* jjjjuNI 0 jl jd 121 A^dA l (_^jj 2I jAAalLi 
aI*j LaAic. • (jj'i x nc. jA - 2 x>»^jl (Hoogsteen) jjAc. ja ^-jj 2 -° (jajmV! 0 jljd jl 
(jl jdaJ (aL2*2I .Aiaj (_£jjj j-^a-aa jA j) RNA (JLoaj-a (JLa*2ui\j Aiij2£jd a2 jJ 

.ViujLxojVI a2ITi2I £.1 j^-l (J>»» 1 0 JOlj 04-^2 ;(Jjo£IjL -0 CjI Jjj ^ 2 £^lj ^Ax!Lq (Jvjjj 

A u xi—fc 11 AjjLiL 2I dal j2aA.ll (jia*J ^glc« J^>2l £.Li2 Ajjj- 21 ^ jx^ cJ-°2aiJ 

0 xxij A : iUc. Ajjj -21 ^jxxa ^jjjJjoi (j-o (^jVI AjjoiLxjjVI Ala. j -21 ^>x^a*i . ^aJaiill 

6(jja 1 c!jL2£j jl ;Axxi^l*-2l DNA aLa^J a2oLo RNA a212Lq j&j (mRNA) RNA 

. Aj jj-2] A4jl2! Aj jix-2! DNA a Kw \ a21h21j A^jlla-o 
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Jlc i jjj A_ a^.^)J Aj^j^a^I S^j^Iau j}A ^lllfi]l AlLaiLaiVl A_L^.^)a]I ^ajJaj 

,\a JJC.J CjIjj^aII ^ j-k-a C 1 l>IaIxa jl a j^A AjIIjj jl AjjAb AjUjj j^>J J> CblAjjll 

(_£b (JsLill RNA j c* iIa^u^II ^a mRNA (JLui^aII a_L^.^)a]I c^a (Jc-liiL 

.mRNA a-iII’uaj jA^All jjjj^ll ^1 a jLc. ^ja 2 c A.Ja/i iaII a TijaVI 


A jxjjja DNA A_LaiLai RNA jl^i-aJ 3 J (jl C£Cjail]l AjIaC. J>\ g*n J L-alJa’u 

A^.1 jl a jdAA 4 _JIjja Jaljjjl L_ijxll]l lAA (3f^ .Ajjja] JA-ajSlI A_JIjja A_jIaj Ale. ab j^.ja 
cA-A^Ljal CllljjJj^)J ^A CjIAoi^aII . ^JciUall A-iIIjIaj j)jjj^)2l ^tuail (JaI^C- j)A ^)j£l j\ 

Ale. iajjjj ^Ull cillj 6 ^cjou] 1 4_»jlla]l 4 'll Tie'll .Vie, Jaijjj 

- * 

. CIiIxaIS ^aajjj3 RNA jl^iAjl 3 J (JaC. l^-lalij^jl ^AaJj jl A_ix_illa]l A_JIj1a]I 

RNA CAIxaUL ^cjouII ^.lla’u £.jjoij ClNI-^l ^yAX..) Abl ^le. 1 x^ijl cllLlA 

^Jl ^■"‘ia-s. jj c^Uaj £Aaj3 ^a-aaIaII mRNA a_Aja 1 Jaj^j aj^^aJI J^Ia Ajo^Ixa 

i£A-u^a\\j ^cjoil]l (JaI ^xj (jja^JJ iAj\j_jja]I a^)j^)Jjai ^>j)Vn (jl L$ ^ 1 a^A_j . ^.9, lla j 

.dllxAlillj ^A^j jl £ JJOlJj 

^Ac-J 6C1 AjjJa 1I Jjl^J ^jAn ^jlc- OjAillj A-uiSIxaII CjIajj jjKjjIII CjIaAxja ^jajj 
(AjIaAxIIa (JIaxJjojI (j^AJ <■ > in till Ia^J .A_jj^lll ja^AI AjjoiLojVI c_kj\Aa^]| lJjULI 
. (jial^jAVI (j-Q £joj!j <- ftjJaj ^SV‘AI ^ A_ja£L*_a1I AjIAjj jJ^jjllI 

( , j x >. xi - ^Aj^j jl (^)Jjl jJJ- ^Aj^J j)A aAj_^ 1 (__)ialA^.I (Jj£jolJ t-^ilA] 

. l.g.iA Ulj\\ jl (__)ial^)AVI Aj^IIxaI A^j' V Aij-a ((j^iLoj^jJjl^) _jl 


Ajj-uaJI ljL^j^I aJj! .3.4.7 


aJa! \\ qjjW'i cJyuuVW 4. : )gTuA.ll 0 jjIqaII P AR S CjI jjaJ jj] (J^aa (JIaxjjoiI a3La 

A-^IuaII 6 j^ILaII P AR S cIjI^jjajI^j ^-lllxk-al (12-7) cJS /ill . A_j^)»^ill j-^I 
.(jilc-Luj ©Aa 270°C Ale. jaaJjJI ^LxAall Clii^. c (Jjn* nVL 
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Ic-ljjJa (J-gjolj \W jl j-o ^3 Uk^3 jJ L_i^i^]l aIi^.V^xsH CjI \\ 

43j^)<L (jl^olj ;IjjI^)^. I j )\ ^Lail j Cli^j AjljujVI A^lai-a 

l*>aiVu> L-aL-olJ aiLJI A\\a\ .L>i4Vu (Birefringence) Ujlit IjLAjlj cjLAjVI 
ol ji\^ ^ in>ii cillij <1550nm j 1300nm (j^ Cj V li^aj V 1 CjL^j-g 3^c. c- jjJall 
jLAiYI ^Ii .OJTdBcm” 1 Jai 1550 nm He jLliiVI .jjiail ^iiij-aJI 
j/i^i (_paa=J A ^ dflll alA 4 0.0025—0.0021 Jla-aJI ^5 Aiijitla]l till jj-aj] ^LiiVI 

tlll^j-all Alii 1 " 'I 9 J ^ Aiaalutall a JjWlall (Aitul)^ jj tllljxaj] jj ' A'i ^j]| ijllj 

105,104 r „ 

. Al 


jl j'a 1 , ,|V I J ^jliSVI jLuAiVI J jltu£iVI AiljS jLa ‘Ajj.'^'.'ll j j r a | jAll Jj!*!! 

Ajjj^iJI A j nil i a jjWloll till JJ-aJ _j2l aJU. ^ J (_£jl^>aJI 

^^.llail Aiioii ^^ic. j^jliiiVI j' .XiVI -lolxj llililaS . till ^uui 

jxJ>il ^^Ic. Ili^, A.jliA I iLalc. I jq l~«j _jAj .a j^)SlH Ajli^aJI tlll-l^_j]l t_lUailtiV 

^jIS j_j 13 jltC- ^a ^In/inll j ix ll c. 1 'i li , ^il 4(JjLa-a l_ 1 jLullj . Atjj.a /l t-lll 

-4)-l«h-1‘1j ( _ r t U lit U )- , 444 j ijjliS Jjid 

jjajl 6 jlij LiAf2-4-JJ3l3 c ^'ljJ-6‘5 t 3‘2- 1- JA^j “( 

i (j j i \i \j jJ)jj ^^jujIajoj (J!Lq (_5 j^.1 cIjI j-q tilljAj # (13 — 7) cJ^ 

^ jUj jjj - / 4‘4 jl 6(J Jli3 ^ jUj ( (JJ.liLiJj^)Jj jj jjjls ( ^_ 5 Jaj|jjJj)- / 4 6 4 jl 

1 1.57 1.50 (j-o ^ jLai^jVI (J-u^aiji 

. CljLajjiaj ^3 J ol^iU dll JU*lail 


6^)1^)^. ^3 Alilc. Lilli L r J ^V Q (jj 

Jjjjflll a J 1 i. ; 1i i ^ill 4 ^ j^utl ^21 Aj j 13 A li,4 ji 1 rt 1 q"'ll jq^ ^ . Ai^jxll 

a j^’;ll AaIaC. ^ jilj (_^ill 4 \1C ’' . -A i .V LaLul AlL^taj 

tllil JA-aJ j2l jLtu£il All jkj __)ttll (j^ttl till j;La_p j-a]Ll Allilll Jl*_a . 4 ail Cill \ 
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105,104 9 PAES £il jxtiljj g \ :(12-7) jLuill 
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^Lj-6‘5‘3‘2- Jjiia-1- JjjjI -( Jjiia (j-uiSjjJjA -4) - (jjuj-IiI :(13-7) JiuJl 

i 07 . * . * 

jjj) 


ljIJjAaUI t_ujUi j)j-a .5.7 


Cll.Tn.a'1 j t fll 4£.lij^a ^ <LaxIioLa]l _llj^]| dul£ oJj^C. dll jluJ 

d ] j . LuiLuil “Cudl^ ^ 'ill ■‘O.^.j-^all dl Aj.d'lll ^ La^jJC-j dl^da ^11 j 

W } 

Ia^j-gj (jjl-llll wo'l £_ia3 Jj-g Cllikjl 

c ^j^aj ^ till j AiLtJaj . j L-saS j t j L_Lk! c." n^s ^ja jIjlaII ^ja 

L_iiAjl CjI .infill (J-gIc. Cj\ 6 l£jW^ ls^ 0 *1^ *U5I 


.^jl^-G (JIaXJjojIj 


Jc. ^ J^AIA jlj JJaJjJJ (jjiLoJ JJjj JJaJ^J (j-* (j' ^ J ^ 

djlAuiaj AJjujIja JI^aII ^A t(^JjiLol ^JJjj (jjL^jl)^!^ ^JA A (Jj? U^QJ (JJjLall 
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£.La1] b^JULlA Aa jILgJ ^^)a]I ^ X '\) n*?\l djljj^ull 


AjjUail CjL>5US1j OjJjjaJI .6.7 


g-LojdVl (7-7) cl)^j . AjjI Vill CjLg!>IxJ1j (6-7) 

.^^.I^aII Aj^jLaall 
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LjUJ Ju\ J& 4iU :(6-7) Jj^l 




Solvay Advanced Polymers 

RADE1® 

PolyOne Corp. 

Edgetek™ 

Westlake Plastics Co. 

Westlake PES 

Ovation Polymers Inc. 

UTTAP SF 50030 GF 

LNP Engineering Plastics Inc 

Thermocomp® 

Sumitomo Chemical America, Inc. 

Sumiploy® 

Sumitomo Chemical America, Inc. 

Sumikaexcel® 

RTP Co. 

RTP Compounds ESD 

CoorsTek 

CoorsTek Neat PES 

Gharda Chemicals Ltd. 

Gafone™ 

Solvay Advanced Polymers 

Udel® 

Solvay Advanced Polymers 

Mindel® 

Solvay Advanced Polymers 

Epispire 


q\M\ .7.7 


^jl ( ^^ALoj) CjIaXjI j] j PES 

_jl^JI j aIaII j l.Adgj ^ in>n 


jjjiiil SjIc.)j < !jr iuJl jii VI .8.7 


(jj^JJj PES ^ jijYI -iadjj i ALallml (JAus (^jLS (j-o J.wdl J 

* * * 

.<1aJI ^3 4 ^j-o (JSI CIj il ^)J-q jitJ jV I (ja \ jj-n^k (Jj'i^ (Jc-lioll ^g-laJ .A-AAjJa CIiI^Ia 

C 1m jl C6^)jaiC- jl Aj^)JaC- ClllilA ^jLgJ (j-Q 4jj£-o <-<AjJa ClllilA (_£^)A J 

Aj_jj-g jitJjVI CIjUIaJI ^gj J <j£-GJ 6(_5 ^>aJ 4_iaU L>^J ’W^ -0 cs^ 1 6^)jiaC- 

L-ajj-saAj ^ULJl rAU 6 ^aL (Jc-UlAJ 4-GAjJall 


312 



(ji .’iq'lXJ lilli] (jjj dlli dll^yiui^ All Jj Auul l.^liXj'ljl jjdll 


114,113 . 


jian yj^ PES JJ 3A1 SaIc .1 j 


jjiII (ji sJjljll AjjLaJill fLuaSfl '{ 1 - 7 ) JjAiJI 


gjjUil 

, — " ^ J 


Asahi Chemical Industry 
Mitsubishi Chemical Industries Ltd. 

Nova Chemicals S.A. (Arco Chemical 
Co.) 

Asahi Glass Company 
W. L. Gore 

General Electric 
Bayer AG 
Mobay 
DuPont 

ASTOM Corp. (Tokuyama Soda Co.) 
Rohm & Haas 

Solvay Solexis (Ausimont USA, Inc.) 

Solvay 

Solvay 


Aciplex ® 
Diaion ® (Series) 

(Jjjt-ft]! ciLjj.4LllI' JaAJ (j-0 Ji 0Jjl J 

^ (jj-al (JjjjJ J0jl£ JJ-O -2 — J 

DYLARK ® 

^ lilulLail j 

Flemion ® 

66 jjjjjla (JjLj frLuic. 

Gore-Select ® 

“(ePTFE) diLoLaiA j ^uij* PTFE ^Loic. 

6^ g- LulC- 

Lexan ™ 

39 (AilijjjS) 

Makrolon ® 

39 (AilijjjS) 

Merlon ® 

39 (AilijjjS) 

Nafion ® 

97 - 93 - 66 ,-, U v W,' PTFE 

Neosepta ® 

" i j jAa JJ (Jllij 4. 1 uiC .' 

Paraloid ® 

39 ij-la-o . ClyLjjSl Jallxa 

Polymist ® (Series) 

41 (uAy i^Wj) iJjj 

Radel ® A 

41,4 (uAl“ j^) lA%> 

Radel ® R 
41,4 (jjsL’ JaiL;) 
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I (jk a Jjl AjjLaill fLiuiVI :(7-7) JjiiJI 



^ jUsSI 

Solvay 

Udel® Polysulfone 


100. .9. 4 JynCi n) 

General Electric 

Ultem® (Series) 
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I.£j-g IjJaSJ aL^JI ^jjjj 13-( JjliS ^gjai^j j.li& -4) - (JjjX- 9‘9 A_l^.j-<JI 

0j^-o qa C?J^ tA-jjlfiSI ( ^3 j .AIQjL (Jj j \) k ^ ' 

•2jjL?JJJ jj^UiAP 


»t"i< > 'i j ..ti cjIo£j^ .2. 2. 1.8 


c>° (jjjJ-7‘2- u^>i[4.4] jjjf^ I jUj-6‘l-( 24 s ls ^jj4 a 4) C5 j14-6‘1 j4sj 
t> ‘JSI ^gjjjLoal c(J^iaA^ - P j (J^j^- 7 4 2 - cj^^[ 4 . 4 ] ( ^jljj- 6 i l 

3^3t%.q (4-8) 2^ 41 — - 4jjI /jllmA -4 j -p 2^^ 

. 2c.lij]l 
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djlj j_jj. uti [4.4] 1 J)Ij^ - 6 c 1 c!jIj£^)-q (J-<i*il*jjj Lode. 

c^O Jliii! C ,il. •> dl i dl jj dliSj* l.g.'iq^ i 

—6 ‘ 1 — ( -3) 1 (j-a ^_jdu (_£-d N!La3 .<xijj-o 

JjjijjJiijjjl^ ( _ 5 jUj-6‘2 j Jjjj- 7‘2- (jLjjj[4.4] jj^oil jljJ 


. 10 254°C U j4i 

Ajjujjj^) 3I IgMmUn ^lj£^Lp j^ijjoi A_nj ^Jc. CjI ^j-gjj Loj-ac. 

tPEN J] 4ildaj . Ij u*n AjlSj^q (J15jjI 6^)1^)^. diL^jj j JJluh 

(^j£ U -0 C Vj-x^a jJj (_£ 

.4-i3L-aj j ;4jjjJaxJ! dal n.^ll -la-lxil ^3 


^ 



-h 2 o 



jjjxuiIJLj- 6 4 1 - ( J^La -4) ^Ui-6‘1 ^UJaufll :(4-8) 

2 “ £jjJ- 7‘2 - o'-‘>'[4.4] 


. 2.8 

PEN dljjiAiljJ jdiJ L$J?-?. ‘(PEK) ((jjIlS JJjj) g2jJ dl JJAiljJ JLi. ^ La£ 

<idd' &j J jd>n ^°j 
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JjjlaJl .1.2.8 

JLaadalj Jjj2j a. VllAjj L j oUai-o PEK dl jJailjj jdiJ L$ -dl 
JjjJnjjLlau-p JjjjIS £-a jjjI J/jal j**' A -m ‘Uc.lils ^^jal IMlLaS . ^jnisl j£- J.ljj3 

4jl^2 ^c3 jj-q J j£ill dLall (jliilj JJ 3fl -2 6 1 ^-3 1 jd ^ 42daJ A 1 Cl . 3 ^a 

s •* • 25 * 

4'\kj.s1\ JJjj jjll^-5 (JLaxJjojI (_ 5 ^J * dUax-o 

. (jjiialjS- J.ijj3 Sj-aij ,ji (Jjjaill Jc. Ujii-o ISjLolo Ijxojjj^ 

4.q lA j ojjjdallj J-oaj (jl Jjjjjll ^_lS^o ^l 2 aj V i(jjii3lj£- J.ll__}3 ijj^L 

S^aL JxslL d^a dl j . ^>al lSjj^ l iS^' ail Id (jl£ lil t4jjjl£ 

£-a Jjj2j S-^d° “CiL-aJ Jjj2jjJn i _ 5 _ad j\;3 ^jUS-6‘2 JLudJj (jdsl j£- J.llj3 

. ^ ( 5 - 8 ) JLill ^3 4jdall *A£j 2 dall d! JJ-QjjjAll 
(j! ^djlLall (j-o . (jdal j£ - Jd j3 dl jAa.a £-o (jjduiillj dlallljll lAd'i (jdoj 

dl jAa.a (jjd ^gja. jd<n> . (jjadlL ^jjjljjj dl£j< (jj £2 Jjj 221I d°j 

^3 l^JLaxdil 2 Ija 1I old jj-o - .o-Jan d-lic- Jc-lA 2 ll ^d 2 j (j^lj ‘ jjdsl j£ - Jd j3 

• ~' > JjdjAll dlanl j 

<AW s -* a *>11 .2.2.8 

jjd .4 jc.1 n dl dl J j jJjjill ^-3 Jjj^jiall y8 ^3d afifl j J " 11 ^Jjjlall 2jl jdj 

‘HQ jl t J jinu jj jj jll J2x 4jjUr- dVjdj ( Jj jlj j Jn J j jK ^gAln (>s dl jJail Jill 
. ~ I jAa-o 42AaaJ (jaLujI JLtudAj 4_ii]a3 dlajdi ^3 Qc- 12211 ^3ill - 2jj\.'^.'.^l jl 

^jUj-7‘2 (j-a 2 r° ^lii- 6‘2 i- 3 A52 d] lilla3 

L as 1 : ^ 2.2 ^ d j-al L a 2 A ^ ^A 0 5.'^ /' 1a - ^dV '2 a t 3 ~'.^ j jddj 3 j 2 d 

<iL^aj ^jXaalj^l dlj_jJ^ J-<uduiJ .Jala. ja. ^ 190-160°C ®jld^ d l(aj3 .Vie- 

. ^ Cld < 2 daJ (JJ^l j 2 ll j ^jV jali . 21 ^a QaxJjoiJ j ‘ I jAa-o 

Jinx, ^Ln-SH ‘ . j2^1l JLadailj tj^c.l ‘ V'K2 sjlja dlajJ 
‘ . '_;2^1l ^>dij lillil <nj_^a (jljjl i _Jc. 4_uaii dljll ^3 Jj^aajj . ^ (jjjjdlj jl-lnnl 
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(J!Lo jJjjjill allLSjx >>a^ jjl.lixjj jjjlix ^Ijj-3‘1 

8 

• l yAO^' UjA' JJ- 1 ‘■dijfcjj^jjj ^- 2 




Auj^ Jjj ^ lAi-9‘2- o' jj3 j_>A [b-3,2] jjjajjjj 



oi jjj ( Jjj ji? -p) -4, 1 




27 


(jjtisl ji-Jjjji S jxlil jjxjjjx : (5-8) JiuJI 


*£laJI a .1. 2.2.8 

AJjSit eljjl allljAxj] j2l jg.^ (jx VAJ tAJjill alll jjjAau 

" •* ;l 

s-llil (jjSjJ t(. V'K'i yjc-lij 43'r.l a"ill SjjjjjoJI (jjSj La. Vie- (j^lj .<jlc.lij Sjjjjjoi ^ 
4.jq\^ alll __yx_ji 2 jl JLaxJxul /jl V) . 4 jl jjl alll j 4_njLi. gjl^j I 3 I 1 j-li. 
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.“CniLaJ! gjl jill (jj£j ^Aaj j Aa Aja . jj (jji-uull .Vic- ^iij n4 j»j\U 

(jjjj Jjjl) dll^iAjiuljl .1^21 jj L-iakj <_£ j^.1 gji jj cilLlA J jju V I^Aj 

pi o-lc- i‘* \ht.s ^ j ^ 4jqN cIjI jl AaIc. 4iL^)la l <a»^i j 2il 

La . ^.qN PEN ^ia jkAj\ ciiE ^3 Laj (Jj^l) Cljl^iAjxj] jl L) -0 

^ja L_JJ.1a]| ^cj^a] . (JaIA. JAaa Jajdj S^a 12! (Jc.lij £.1^^] j& Clllal^JI (j_j£j .VNj 

iA^_iJa jlxJ tl jq^A ^jJjuAj ^ 21 dAj £-a j (NMP) jj^-2- JAia-N 

^gjl_lj-6 4 2 J (Jj) A \j>^iq 1A 22l*\ A ^jl^}A!iujlj <. sid-iaj 

* ^ oo ^ * * 

^21 1 g j. a q *i dilj j^aII ^jli IAaj . cj^ ^-2 ^ *^>a aJojojI^j cNMP 

. 4 q\"r ^ a ^u>iVi\l 4jL^la q\ V] c^A^aII Aj|j pl^A/l jj^Vi 

4jx2uIa]| ljI jjaJ jJI .2.2.2. 8 

‘t^J-* iA>j^ ujj ^ ‘^dd, (jpj) U AiJ) cA*? J^=^ l SJ^. 

^-C-Llj jl ( Jj Jb j Jb 3 j ci£ ^gA-iLd. (JLa*H*oilj JjJb ja J djL^j i La jl J^ ■‘O-llixi j 

( _ s ic- Jjj^cJt i$j^. • 5 Jjjjj jUjSj Jj) jjjl^ cs^Wj J tjjjij i_A-^ jltiajjjK 

.A Jjjq i_y*£ JIa jj \: g " (_5jJac- a_i£ja ^a djliillj d! jaaJjJI 

AAaa jjA 4aJajll (_£ jji^ cj£j< 43kx*aJ jjjaLu-( J j J jjjiS-4)- J^ 

CjU^jaII oaa a jai . jaaJjJI (jjiLo 2iJi j Jib aI t(Chain extender) Al^Ld! 
cAjjjJaaJt A!jIjjAa)I l^jaTAdl LJ J>i iADaSj tlAi. oAaa. J ^ !- - - ojLaj (jjij dljaAal jj 

. J-ljb jj j ; Jj J.j . ■ 'V I j c J_iLi1ia]I j d£. Jaa 


LJ^jJ^ jj^UA JjjV) Jjjj Aijljudl dljAAiijJl .3. 2. 2. 8 

L>a CbAiJ^ J^J^ (jAiJ*^ J^j L>° d i! jaaJ jJI jdai 

j; j - .1 jail ^-a tAliljba jaaiIJ laa aII ^jiLjl jjLunlI Jbj jAAji-l] jl Ja Jj A - Jc-liij 
S^aLJ! .JaL^ ^3 (Jc-lilll .^jjjLujI j 

O A AQ £ 

2 j-21 6 iA . ’ J-au^aW (JjIS (Jist-ciJ (Jc-lioll ^11^. (j-o (jiai^.1 

(Jj-ia3 Aj.JSoC.1^ 6 -\)3 a 
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. 3.8 


iAdaidlo Jjl^dl AllLlii J t^JuibU A_a jILq PEN dl^jJAdl jJ aJliIc. 

(. . iuni c^jljjai]! l.^..)lc. ^.4jJa-i j .<LoLai]l dl^lill IjJ*i4^ ia l^ld-ajj 

A..bJalA 4 -f*- 4 d dl jjaj! i^JI a^A <jli (illll .Aj^.L^.^il cdLJVI ^Ic- (jLdill 

. A_A^)A j| ^a! Aj^iAji^J 


^■ViLyH ^Ijill . 1 . 3.8 


dl^).)^.)\^j .PEN dl^)j^j\^j A— )£L.)j\ ^)a\\ (__)-al ^dll ( 2 - 8 ) (Jj-i^ll C)£H 

oJ±& (_£JjJ . AdlaJ Ia^Ijj ljVAx-o jl VI .S^)Ijaa AjJ^^j AjSjjI \)a dldal jjcl} PEN 

£l jjVI (jda.4 ^jIju V 6(JjULa]Ijj . ^ ^-Ludlill A.).1 aC. $.IjjI AjI^II A_lUal ^Jj A_x-aldll 

.L_UxJI IjlA A_ld^dl 


( Jjjli jjjI £joLjI)^jj lj! jjaJjj (jd^xA AldjlLdl <j-a)^JI :(2-8) Jj-idl 


All JaluiV 1 

[%] 

dll 

[kp cm -2 ] 

AajlLa 
JuSl 1 
[kp cm -2 ] 

A-a jULa 
^jJadl 

[kpcm” 2 ] 

A 1 }» 11 

60 

32 000 

1 320 

1400 

8a 1:1 = (R) : (DCBN) 

50 

31 000 

1 300 

1 350 

8b 1:1= (R):(DCBN) 

50 

32 000 

1 320 

1450 

8a 1:1 = (R):(DFBN) 

20 

30 000 

900 

950 

a (PPh) + 8 1 : 1 = (R):(DCBN) 

7 

28 500 

1 030 

- 

10 1 : 1 = (S):(DCBN) 


Jjjljj jjjjjjK ^Uj- 6‘2 (DCBN) 
Jjjljj jLjjjla ^jIjj-6‘2 (DFBN) 


. aLjAjji da j* <lL^x j J jiiS Jda -p (PPh) 


•u^JjJyj (R) 

•u^-7‘2- jj[4.4] jj^l jd-6‘l-( -4) ^Ijj-6‘1 (S) 

.MNP ^Ac ^ jd^c a 

(j J ijdjjl .lid (JAl-tt ^jUj - 3 l 1 L- jjju ^ 
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*1)1 jaj I o^1 .2.3.8 


• PEN (3-8) <Jj-l?JI (jJJJ 


X (Jjj^ >y! de^j')<A*l ^Jj^' o 3 '^' : (3-8) 


4_^.jj 

JkSl! 

[°C] 

A l-tQ‘< 

jig .^liVI 

PC] 

PC] 

4_^,j^]]| 

[dig- 1 ] 


484 

340 

148 

0.91 

a l:l = (R):(DCBN) 

481 

345 

146 

0.86 

b l:l = (R):(DCBN) 

486 

345 

148 

1.01 

a l:l = (R):(DFBN) 

475 

343 

144 

0.45 

a (PPh) + 1:1= (R):(DCBN) 

- 

- 

267 

- 

10 1:1 = (S):(DCBN) 


Jjjijj jjjjjjlS j_jjljj-6‘2 (DCBN) 
Jjjjjjjjjjjjla (_jjl£-6‘2 (DFBN) 


4uilui L_ia y . i 4,’ia.^a ' J Ijjjj -p (PPh) 

(R) 

jjjjj-7‘2- (jlj^j[4.4] jjjajjI jUa-64-( -4) ^ljj-6‘1 (S) 

MNP ljjIc a 

JjJ j jl .luul iJAui -34 y J.> a -I .a ^ 


i£un\ .3.3.8 

4a^a ciAjjAa!! (_>axj AliLlii . J jiiS j j -p ^ PEN 

dj)j t al u^il 0^5 aILIs ^ 1 ^Vi PEN ls ^. .L r iA-o3l i** iU nWi ^ 

4a jULo j 4 4a jULo (Jja Aj^C-^aII ^Ac. ^Jo^L^a]! £a AjIai^a 42£>L^j| 

(j^* J^)'\M^ (j C- (J}J^)la ^jC- t4A^^JI (JaIjjlII j ^jIaII (Ji^lAl 

* ^ * e . 55 . . 7 

^_ui£ -4)- (_ < >AiJ-2 i 2 (3 -0 ^ ^^a 4 — sljj-al c^IiIas . jjlill cHjI^aa^j^a^ 

jLjjjla j -3 *3*3*1 *1*1 -( 

ojl y. 4-^jJ) -Ale. jli)l J jjjKII J NMPj .'n.ttl'ntul ^Lii (_j-a (J^ <_s^ J5LajYI 

• AijiJt 
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dlidlaj .4.8 

IxjojIj VIaxIL.hI PEN Ajj1^-a3I AjaSIaII A*v> nl^ll CjLii£jj]| /i.hj Jlil 

(j^AJ (. JISaSI (Jj Utl ^g-l*-3 . ^Jjj^jlllAA]l A Sjjftll l^JA jlLo J i Aj^)l Ig-OA jLLo C > 1 U H ) 

IgMlwaj A^LI£ja]I ^Jaall j Ai dll jjVI ^3 3 jaII oi& (JIaxILaI 

idlc-^yLlallj (. (jl^l^ll A.c.\.,.u*a dll qjj Will dlVI-^-G (JajolI . ^ al ^S aj A^^ja djLdiLo 

o 1 

. dll jUjoiSI ^Jaiij t J 4j‘l j^lll 

Sl^uJl cjbJj! jjl .1.4.8 


dbl ojLo PEN ^ Jaj Sljio 4ddl j dliilji ^ic. Jj . .-i^ 11 jl«j 

Jl 

Ijl Uol .dall 60 J dall 5 jJJ daUNl di ^jl jjj .gjjyall ji£. ^aj ;4 j_jLo 


i—ic-jaII Jl jJoll j PEN £- Jjjj (jl l&dta <1»11 60 d dLJVl ‘W djjld 

360 — 340°C Jl>.all (_gi jajtll ojl^a. jjlj jl Jliaflj .djLall oiLall dlc-lji 


’ JjjlS.1 dNj j <1 i 3J jjj jajtll j-aj ^ jl jjjj 


‘-'i a ■ *j*i| 4^4 .2.4.8 

* * 

Ajjjla diL^jjlj l_ sLJI jl (PPS) (uj'/u 1 ^ c_ aLJI ^ja dil L i^aII JaxILhj 

dASI ^3 jl AaL^^II dil*\ L i^a 1 Uuailj Vl-axlLd 

c *Og j jLp_jVI-J SA^.1 ^Aj cAx_9j^)a Adldlj S^jl^pk dllak^p ^3 dlLaUAll oA& (Ja*j . 

A^_jJ dixijjl LK 4L_iu3U (j^j . I-£-a3 3 u' Add L>^ (J-^-SVI 

J 

^x in . (jl I (3^ Aj^Ull ^jIjxJI d ilx^un-N. (_jiA_i3 jx (J^I^aII AAidl.LI 
. Ajtij^A Uj- d ll ~n^)4 ^3 (J£Luaa (Ja*4] 3^^ LS^" SjLl^l Clil ~s A*i^)aH 


a^jj c 280- 270° C (JL^aII PES CjIj ; ia ; i]jj A_Lkj 

Clll *‘j>1^a 11 ^jA . 200°C I^JAJjolA Vl-QJtJjall AJIaxILujI Ia,^C. 

y j .AjlSj^aII ClilAnlaj ^^3 Jj.I'n.a Aj^jjajI^II 

(JjjJall tj -0 ^ 31 ^AJ £JAJ j dll *\ /t)^)A jl JA (JilAJ PEN ^JAAil^AJ A_1.1 x_a]I PPS 


, ^ aJIjI aJ^joi j cAjl3j^)a1I C1jL^.^)J AajILqj cdoVI 
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£_u1 jlL Sjaua^l JaftLalt .3.4.8 

43a jla Jlxatajala LuLal gaaljUa a jV^xll <ajIa 1I .Saalixll jj ■ L$ ‘4' V' 0 ' 1 

aJEataaal (_£ JaAxeaila 4al jji)l Aiia jla ^3 j . 4al j3^ 4 jL) jla jl -LauJalla 4ai a!]l 

CaL^aalj 

(.'IJxl)^ ja Caljaxaija i _ s ^3 jjiiJlj 4a] jail AJLi. 4_]aal jll CaLaaaljll Uol 

(jjaa£ jaal jaal)^! ja laaA^, j tdilaaml Jaaas (jalaaaVt (jx A^jiaxll CaljaxaijJI j 
PPS Jia i jkxll CaUaal jll j-laaa .1 jlaa j^Vl 1^1 jp. i_LLaa cSlijj ;PPS j (PEEK) 
fcSllil t^UliVI <Jjal J&l j 350°C (^11 ja> Aaiiajx sjlja. CaU. jJ J\ PEEK j 
.Aaljall 4aixC* c-Ual ^*31 ^aljall ^-lacxll (j - ^ Axilla (jl£xl ^3 Jaxaa a (qr. 4aJ ja 

(JjI^aII ^-3 4) i.o !-■' ^31 SjLoJI . ** n' .T, (j£xxll (jx t J'A a. a]3 I AAaliS aaljaxalja AJLa. ( jk 

* 

as-2 sd' Jjdj jl . L-JJd V (JLa.»d.»lj djjaoll CJJjoIJJ ^aJ C(_5jJ-<u! 

dldal (jj .A^did-c ddjJ ( ^3 ^jl ad Ajj|^2a.V 

dli C0 Jj1^)11j 6 J )‘yi?nQ Jajlxx jdadJ J^yLd^U a!jI£ dl^J-d Jj Ig’ida.i Id. AjjaAd PEN 
• 190°C ^Jlj^. A^._jJ -id IfuAd L±jd NMP dlj . ^ a-ld (j-al 

^Aj ( a dJLj£] Aidd PPS (JLojtjjoil .id AjI .d_j dl 

X * > 

AJUJI (J\V‘AI SjLall 6 J1A J)id cA-JtxJI aj^dl dd^).J Aldd AjjauIaLix-o ajLa 

J> * 

/ jail i"iK)’.,' p)>Llaa 4axiaJaLaiaill oaLx]I c-aLiaa ^ . aaa aa3 ajl^All ^_uA j .0 j^xaaaxll 

a^ilj £-axa3 <■ 4) i.o l-»l ajlxll ^jc. A)j . >>* \i a)a aa3 ^jj^a 4A3jla]l o3^a ,^jaljjl£ 


34 




*laal JK"''I 


Calaja ijjall Jjlaj 4jJiiC.i .4.4.8 

^11 au jajj^l ^Aaaajxll 4aiLoxll 4ajl ^jal^lll ^3 aJajaall jxj 3^-)) 

a- ^ ■* 9 

CIjIj^xxq ^Jj dll ^jLx-allll Jaoj . Aj^Ja^)i] l^_j-aLdlxA 

tiilj A^ljJaj ^Aj .^^Loia]I j \ ;Aj£^)a]I jl ^-«ill Add' ^3 (HP A) a^jLidl 
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cllli PEN 4jic.| (jjjkrLj (jjj (ji >■ _ 4j| liilil . (_£.l*j]l jl j V' . .N I 

. “ (jiaia.1 Aj^la^) CljLa. jJ ^3 Jaju j Ajiij ja AjJ jLa Ajljoi 

^jjjLujI ^Ic. Aaujaj^a (jAj] £y* A^^jJua CliljdAdl^J jJ»>Jaaj {j^ A \ 

A AVia tiLj jilui ^ jaj^ *• dilj c(J^li3 ^jLjj ((jj.4) 

jjj!£ ^jIjj- 6‘2 j cJjiiS (^jjjLilijj^j jjjj jjjls C5 _a1.1ia)- / 44 ! a£j1uL<JI SjaIJI 

JjJ . ^ (j jiLoj JaiaS C5~^ jjj^ <^-'44- diUjiLoj 

. j^lLo A. (J^li£uiiJ l_i£ ja jA J ^1:3 ^jIjj ( (jjAiliJ j jj j jj] j j ^ls 

^j ; )A.j\^jj HPA SjjIxa]! ^aLxi^Vl dllj-lxliA ^ja Aj£ja jIja Aj2q^ jJjJaaj ^j£aj 
(J^-^ (j-® JjI^-aSI c. l j ^a Aij^laj (SPAENK) (jaLauill (<jjli£ (JjjSj j^J u^jO 
c4j 3 t us 1 ^jJraA.r^ ^ja A.qI'i^a £-g SPAENK I ^AxaAaJ! 


36 


H PW O 

1 A 3 r vv 12 W 40 


A_i3l_iiaA ^)^xxaj 6 Aj£ja]I jlj4l ^Ja ^ j,.ij^aA.ll ^.LojlII A-A3lijA jJjaJ 

.AjjjaJjJI AjjJalaJl Jalj lia. Ijliljl 6 jj!11a HPA CjlAJjaia. ^jl J] ^ajJaII 

^Ja ^a J jjSjjj ^l£-6‘2 <jA ^ j j£a1I ^ SjoaaaSI clal j : )A : ).i ^21 

CjIj£^)a Ia^.'^a^j J jIaiij - 44 j A^jj^x-ail cAj jiluj -6- ^ja£jj.iaa ^lu-8‘2 

CjIj JA^jjA AJjaJ c4 (jiaAa. S^AJ (JjlNA £ 6 <^au£ J^).1aA 

• 37 ls-'-^JJAJ' 

. jjjJ 4 U'l j Jj Ilia £ii_JI J liLj JL2I jix4A “_>°j uj£ jgJJI J 

4. ] U^j oa 4^j.lc.V^ (> _ 5 -ia*J Lq tl^JaE-oj Jisaj ^illj ^iLoill ^jja-azk a, ; ic^UAl 

tjj-0 (jl .^tt,‘l tlilli 4jU>»l . Ig.TuJ-a^^k jUjjl L _ AJlc. 4ajjJj^)J 

jUjjl t^ljiiLall J4-a4l _ jaU ^ j" (JlSijVI j|.sjj - "'^jj.V^'I j)\ j'a"' ■ N I 

cJ^-ai 4JL^. j_gi 336°C Jl 233°C q ■* ls^j “^jjsEJI _>°j u- 0 j'^-oll 

LajI Jlill 4JU J 260°C JJ 230°C {jA j t y ^'\ 

JUj- 8‘2 (j -0 ^ ^ I iilma l^i-a^j^a j^jaluuAI 2 g.J' ~' 1 .-^ ^JLaaHujI 


38 


jU ijiLa! -6- (JUai 
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(j jjj£ _jjjI <£jl4u2! CLil 

^L£-'3‘3 ^Lul 4_S jiLudl s ^JJL Sj_lb^l (SPPENK) 

<_s — jjAia - 4)-4 j tj — jjijj jijjjjla LS — jlii- 6‘2 j ifj j — ijajjijjjjli ^ — jLu- r 4‘4- 
Lai . NctflOn® 1 17 J 3 ail) -Laii] -LajlLa jVLi3-(2H)l-( JaL^ 
( J^Loia]I jaa jj o-alL <J^iu <Au lJ ^~a 4 SPPEKN LLjllLaa]! djl j'.a )1^2I ^ja ^jJa-a^JI (J£joill 
(j* 4 80°C Aic. 10 1 Scm 1 Jlja. 4 0.35 Lp 1 <_s^ osEhaJI jje- <^j 

. 39 Nafion®117 — S ^lal^l tills (ja <jjj3 

AjjUail CjUlUilj .5.8 

^ o^j )\ ^11 ajjU^II ^.LqjoiVI (4-8) cJ 

ja\\ (jh AjjIajII flAujVI :(4-8) 

' — Ua 


Dow 

Mitsubishi Chemical Industries Ltd. 

Dow 

DuPont Japan 

Idemitsu 

Solvay 

Philips Petroleum Company 
Toray Industries, Inc. 

Solvay 


DER ® 332 

(Jj-iajoulc- ^jUj A (J jijLij; ^L 1 jjjl j 

29 t. 1 

j4 

Diaion ® (Series) 

jAjtail aSlu. '1 > . Jt Lai J^A (_£jjLi (Jjljj 0JLil J 

^ £^ja a -9 j 

Dowex ® (Series) 

^ jjilS (jjail CllY-ilLs 

Lynite ® 

^ ((jJAsVI cjVLsjj) J 

PEN™ 

2 

" (Jjjij jy ojhji) ijjj 

Radel ® A 

~ 8 (uj^“ jy) 

Ryton ® (Series) 

8 

(.ijqh.i jjalnja) ^4 jj 

Toreca ™ 

8 U.P cjUl 
Udel® Polysulfone 

~ 8 ' “ ( jj»l“ A J A; 3 lWA) 
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I (jk a Jjl AjjLaill fLiuiVI :(4-8) JjAaJ 



(J jl^ll ^ojVI 
< L^a jll 

General Electric 

Ultem® (Series) 

28 

i sjj *■ d&* ‘(At^) (Jj? 

General Electric 

Ultem® 6050 

~ 8 (jjili.i.\.d jy) 

BASF AG 

Ultrapek® 

28 ( jj 5jS jy uAJ) 

Victrex PLC 

Victrex® 38 1G 

^ cj£L£> 4(^jjlj£ jjj] Jul) 

Victrex PLC 

Victrex® PEEK (Series) 

28 - 8 (oas jy jy ) 

Victrex PLC 

Victrex® PES (Series) 

~ 8 (oj^jy Jajb dj? 


uUM .6.8 


LdJ .ojldll i—lldc-liU (Jjjiij (^J^-6‘2 cJaxj 

a ^ V- aj^Lc- .A-ijUail dl wt-dLll jA j -iLaJl Adadj .(dichlobcnil) 

j t (jj^. j -li j_jl£ 1 ^a 3 Laj 4-oLai dl jle UU^ jl (jj^ * *n\l -lie. (J1 Vn 

^li-6‘2 ^ ic- cJj (_5j .q jail j 2 J 

. (JJdJOl! (Jc-lii (j-G (Jjjdj 

CjIjS^g aJU. Ali^j j-aJI A-xJajVls cojj^AaII CAjS j*j (j\ar**n LuS U*l 

.A_*-aL^]l A-Lojuall dlLuil^p jj&B djLy^Vl V .A^lL«a (Jj) n^\l 
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l£J^- tdlliiaJI ejjlido dll jjaJ jl cs^ (PT) ( Jj jL}JJ-4‘2‘ 1) dll jJ-aJ jj fj\ 

. (Jjj j-lLajj (Jjuj diL -la.1 j (JjJ j2ii (_>“^ dil£jx (Jc-lijj 4jld l^c-LlLu^l 


' dlljJAi) _j2l o2a jiJadi] (Jc-lij (JlljJa S.3C. JJJ laJ l £ _)?■ 2ld«j 


£i\jiaj1ja1\ .1.9 

^jial ^}XAwil 22 j . J ^ jlj Jl a . ' j ^Ic- ^£j2aj dll^Lo^i^a (1-9) (J^dll J;; ; 

. ^ dlUdVl J ijjljjj-3‘2‘l d'U5jx ( _ s ic- ^1, 'J-a j. ^i VI (jjljla 

- ^ £j J ^^)2jj-4 t 2 c 1 ^jl . <_uJd21 dil j ^21 (1-9) ^ 11 

^-ojaU ^A j . 120°C j^l^a. _jl ^ ■ --2 42a3j ^2 c^_l^ld]l ^)iu-aVl ^2| (_]aLa *-* ? 2 *■ 

12a (JJJ ialaJI jjaj Vj cJjjUjJ-S jl ‘ J jjLjJJ-4‘2‘l-Hl jl 4 (J J jld J Ida ' I 
jjdj 4 (Jjjlaj 2 )l jjki^.i . (Jjjlajj cr^-y (_s2)l .\;.al JdULJI i. - '1 ■* -la. I j <■ . '^j 2 l 

(J jjUjJ-4‘2‘1 J^uday .(jia.jjijj dll j2 dl5lj dll 2 ^■wjl’ixH AduljLui <ala. Jl (jjjlljjll 
5 - T ' > j 'd ^ cj2l^*-2lj tAyiV-iu-all 2 ^21 j t2dLi-<Li^]l Jc-JJI 2^21 ^liLu^al ^3 
J jj’yj2-3‘2‘ I 3 Jjj^JJ-4‘2‘1 ^od jdl Jya 222 ^jj .AyjLuiJll 2d oJall dlLdii2lj 

. 4 Aialill ditli]j^£il JUti 1 . n.V2 

dc. J ^ - -dl <Ja3i j2 2/ ^ 1 UkO cjj_)9d^ - 4 t 2 t l- 2.A. ^ (Jfii-SO 2 j] 

tj jU\i j a iSn (*-0 Jjjlyjj-4‘2‘1 (Jc-lid JjjLjj-4‘2‘1- Jdis-1 j jdd •144°C 

^j_li£d ^3 ' ^jl jjLjj J}2 ^ <l^i3 2a dldlj cJaiuJall - " ^ "' 

.(1-9) J2221 ^ jA LaS (Tautomeric forms) j^. jjj 
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L / N 

\ 

H 

Jjj^- 4 ‘ 2‘1 


NH 2 

A 

■V 

\ 

H 

-4‘2‘1- -3 


CH, 


H,C 


n-A 

A" 


\ 

H 




L, 


JjjIjjj - 4‘2‘ 1- ^Lu-5‘3 


N 
\ 

CH=CH 2 

Jjjbji -4‘2‘ 1 - - 1 



JjJWj 2 ^jlc- lS ji»j Cj\ jaaj1^a :(l-9) 


JjjLjjj^l cjl jjaiIjj CjI :( l-9) JjiaJI 




JjjLjjj-4‘2‘1 
J ijjUjj-4‘2‘1- JA 1 A^-5‘3 
JjjLjjj-4‘2‘1- -3 

djjljjj-4‘2‘1- Jijja-1 


4 ;al-v II 4 iUla'VI Cfi- ‘4 I Inindl J ^ J)ljjj -3 ‘24 HlLi£^o 

j 3-^dl Jj(_l L<li3 4j i n ^2]l R. — I ^ j-.pC- 4 j 4 at d.-l-"' - ‘ ‘' V| ' I £-° ^42 4jjl 

. ^ a jjL^ilall 


J ^ ^ jc-lx tljjV 4 ,vA, 1I AiUlaVI (jlial CjIjjI 133 lilli a j!2lc. 

alA -AUi 4 _*jjl^jl ^jloj ^ ddj - d 4 .'"’ ' ■ ■'* ' djd£^)-Q ( J^iijjjl) 

. k jjLioill j-ojj t^j. 4,;" jjV I j i i jA±UjJ^\ j-t.i IjjVl L - 'I ^ j ■* (j^s ^-l^jVl 
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Sj-aiJ! .2.9 


JjJIjJjA ^Uj uL£j 4 j-a ^Uj ljU£j^ Cilfrlij .1.2.9 

ufl* 

Aa. j Ss\j i4i\n,< J,J< j'llw.’ jjJaLa^.1 ^ji^. . .m j| i Aj jl j AiA ^Uj ClV&jA (.ii j42l 

^3 AliU£^a ( _ s Jc. j LoAic. tAJUill CllL^.j.2 “LojULa l^jl 

. aILvjojj “ liuiiui]! 


SjjlajtS! <Qj2jj 1£ 4^1 jVl .2.2.9 


A \ ^ < A \ \ <A Jj *< ^Ji (JLojtJjailj PX djl^lxul^j (j^-^ 

Aj^iaC. .iJlA ^Uj c**il £-o J jjIjjj- 4‘2‘1-( j j-li& ) ^jUj 

cs^ L_Jjixi C5^ dLylc-lidll .aJojolLo 4j^)IaC. jjdj C**ll jl A-LaAlo 

djlj^j^)£ (Jj-g ^jjLx-Q ^jjjjoiI JIaxIujIj i^j^iLai (JjiiS jl (jV j^Uull (Jxg 4 ^ A ]a3 

•^jJVI t>> j> 4jtij jx Sjlj^ LlllA.jJ ^ taJialU _jJI 


-4)- a)- 0 ^ cJc'^J JjjLjJjjp-4‘2‘l-( lIA} 3 j jAlA ) a^jUj ^lik^al 

A^i 250°C AgJI ^i. -lac. (jjiijVl -la j j j-liA £-o Aijl jAjA - 4‘2‘l-( lIhJ 3 

AljljAl^ll ^laa (Jj'jVrt -( aIhJ 3 a - 4)- A>** -4‘ljl 3‘1 jl to jlg.jwa\t 

.^-Lllx^aVl 12& (2-9) J< *j21 a jaaa ^3 (jaiaaVl 3jj^l£j^jAiA ^yi clh^ £-a 

A^Jjj - jU4l ojlc-la AJjj^}JJ-4‘2‘l-( JjjjS as-^J ) as"^ till jxo_jjjx AiVn a£^>^jj 

(jjjll 4.21c. PT Clil jj-ajl y ^21 oAA ' '' 4 , .-iV I Aia^ia 


Ijaaxa ^ai LS^J ^aS^^TH a3^J^ lS^~ LjU^aaSl 4ia^)la]l sAk 

.^JaAilall 4jj2aJt]l \2' g 'I ^jlju l1iU£^o 1 jm £uilj ^jaa ^)3jJ L . tAjjLuij£]l 

■Ujl*Jl AlilaJaJlj t“il j4 141 j| ya A‘u>»l.-^ ^ > aal j£> dll jxajl jail aAk Aiij 


. ~ A4j Clll 
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- R ^ vr v 

N N N N 


( Jjj^JJ-4‘2‘1- u-Jj) gpljJ £Uk^al :(3-9) JiuJt 


( <A*j cjIjjaJjj .3.2.9 

l.'ial-k A_i3 ^21 c. ( (J j^\j_jj-4 6 24 - (_>^) u] 

(Jc-lidJ CIjI a^A .S^jjoiIj-q jlj jjUlc 
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jl (_£^)laC< Ai]lA ^gjljJ £-G (j^)l ALo! - (JjUJ 

t t $ * 

j^l ^)AlgLA jl (JjjujI)^Jj^) CIjI ^.Lall J^jj Ic«^iLg 

.S_jj^)jjai 3 ! aA& ( 3 - 9 ) 


Lq^aC. (J\ Vi\1 SjIj^ CjA.jA3 Ia^. SaA 4-cjIIaj CjI^lgJ ^j-qjj 

aAAs ^jc- ^Jj cijl^).)^.)\ jA\ oaa JAa^ (JjV*uti^\i i^a aA]j . 350°C (j-o ^Jc«! 

. i A.,u.A^a j i jy^jyj 


lL)I^)']A)\^J ( J jjl}JJ-4‘2<L- (JJJjij) ^-1 JJ Clli^LQj] ^j-Q JA2 j (j^_J 

cS _4 ^4 ( jjjljAiaU^jt JjjlUajj) JLj (qjJj 4 A“ 4 j' 4 A) Jja <> 

tilli J . ^ l_Ujuj^)J ^»La^. ^3 A j! (JjAAl cJjjC- Alj Axj . AAg-g ^jLg 

• 320- 240° C J-gIa Jlc- ^9 Ig-.nfkA^ j ^1^,11 j! Jajj^il Jjoic. 

( JjJU>*-4‘2‘1- JAjS-1) ^jj cjIjjaJjj .4.2.9 

jljVni J cLail 4^ £Aa\1j tAIaLuj ^)JC. 4j494“4 t 24 - Alis-l dll jj*a ll ^jj 

L_lUlj Ac-lu^a dV 4 -o ( _ 5 i 4 jlAifld lJ j< -?‘J La l^Aj . ^gjLall Jldi]l JbJa J lx. 

^3 (HEMA.) d^/Li j41 "' > ^ 44! ,^^-A 3 .j~^A - 2 A-o 4 AJt xd j . ^ Aj^aa 

■\uLajji 44 ° t _ ? jljj-N‘N j 4 _ 4 j 2 )^ l 4 A jjdVi j_ 4 °^ - 4 .; 4'1 j < 4 4 l " 4 q..'; W~'\' 
.UjE 4, 'Uvi'ii (AIBN) A44 jj4j^j 4J (_W^jj4 , 2‘2 (DMF) 


(1) Jjjlijj-4‘2‘1 - J44-1 ^ilelii < t u ^ 4 :(2-9) Jj.i»J 


10’ 6 DMF ^ (2) Axilla ^Sjxuls J-a 


^2 

r i 

(2) 

2.40 

0.09 

CLl/Ij (Jjjjj j4jA -2 

1.48 

0.62 

CLl/Lj^IAuj (JjIia 

1.77 

0.23 

Aj^Ljj^IAia ^Uj-3‘3‘2‘2 

2.42 

0.25 
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^j| , '\z. jjlo <£jaAlo All jaa jj ja Ajic-lij t_uuj (2-9) (J jA VI j^Vj 
aAa. j ' g »i J j. ^-»aj a jj£la (Ja£ jjj£j Jl Aa5L.ijSIj.iaII ^jjtjoA t'LSjiludl till jjxjj jail 

• (Jj )UjJ-4‘2‘l - cljiia-1 (Vs aAaJj 


JjjLjj-4‘2‘1 <> Lj x^a ll .5.2.9 

aL IS <JJ jaa aI<^ (Dendrimers) i-T».4a]l AjjaJiJI CjI jJI 

Jj-aall djLuaj JUjlLAj SjlcJ ^jjj t ^jjdjLalL<JI _ji4a^\l 

.^jLajJl 

(J/'j. 1 - t"'j"i-4)-5- 2j\.'^-4-( J..'\.' a ..'.'-4)-3 Jja i4ialjA-a]l (JjjLjjII ejLuiS a_sj*a 
. i_jj£]| j^j aaUjjjSWI Jii ^jJc. ajll<u2l L^jjaL (TAZ) Jj jLjj5-4‘2‘l-( JaIis 

jl \,g,~^ Arf -a i I 2 j <■. J. >. 1 1 ajAa^u AajIaC. L "'l JJ£ V C-Lil ^3 A-io^all |AA JaZjJ AIIaI 
^jJc- t_ lallill Jjjji ill till jaaj! jill Aly.lu.VI ajl*]! . AaIjjauIjj Aja 4a1aaa IAjUac-U 
4AjLljii)l Ig.t^il ja. VaaI jlSJ ^gA ajjUtlall ."'Wl AaIa Alii jaajI J ill j-° l g“i5l jV 

. _j Q "' ■ ■■ ^ A^. <1 jjjSJV I j 

^u£jpjx-4)-4- ^Uii-5‘3 <ijj^Ai]l 

i cijLjl_i*jj A_iic. (Jjj-aaJI is'd 1 - 4 H-( 

ccillH AB ? SjLail 6^& £J-gLu .(4-9) jA 1-ft^ 

jjjVI ^ A^j^laj (Jc-llllt ^^Sjj . c < )* >*n\l Aj xull CjI jj-gJ ^- liLax-aV AjjojILg 

-( Jjjjj- Cjjj)- (j^-5‘3 L_ikjujj]lj ^a.’.A'j .(Williarnson) (jjjuAxUIjj Ja^ ^j-q 

- 11 Jji }2 


<>a 1 jaJl . 3.9 
.1.3.9 


jJjaiVi ^21 All jja ll all ja ^diH 1 I ^jl ^3 J j AlLZ j-a (JL^aI ^A^a 

ejl^p. AlLi.jA Ajc. (JSIijj ^^21 ( AjaI)^^! AaIjaaa]_jj jJj. 1 i Vi j’Naj^ .AjjIj^JI l^Laljl 

jAjj • JjjLjj^'j IjIa^ j * a>° a>® ‘ ujA 340 °C 
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CjIj — jaiIjjI alj — gjl (_$jl_^aJI J — kill — J . jlj — all ok (3-9) Jjj — aJI 

. 12 460- 540° C kc. Alall ^ 10 *>5 ujjll ^ jlka Jl (jJ jjhk jl jjLji) 



NH2NH2COOEt 

O 



Cl 


11 JjJW>-4‘2d-4H-( JkjS ^jlia-4)-4- jj^lS <^L3-5‘3 £Ukk :(4-9) JiAfl 


' 2 ( liai ) CjI jjajI jj jj^aaal ksjiUI JjjLjjHlj JjjUjlt ul ^ ja :(3-9) Jj-lkl 

t . i^jall 

lH_w[ <Jj! -2- JjjkkSjl -[ 1 -p)-*'3]- , 5] (jAH-3‘1 

Jjjljjljj-4‘3‘1- _jjja_jij^l -p)- ( _>j ; u- , 4 t 4 

JjjUjj-4‘2‘l-[ JoiiH -4)- , 3]-5-( -3)-3 

(JjjUjj-4‘2‘l-[ Jai; 3 ! 34 Jjija jjoal -4)-'3]-5-( -3)-3 


o^aljaJ) .2.3.9 

-4‘2‘l-H4-( Jjjja -5 ‘3-( Jjjjs( t _ s jui£jl JjjoiSa )-4)-4 S__>oaS (JLa*kJ ,jkaj 

ISHj ^ 2 ciilj j jk!5U Alili Aj ^ jalLo ^ cJjjljjj 

.(PPV) ( (jkiiia uA^A-p) Jjt) cjliiiia 
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Xic- a (J __j-«_j CIjI j Clil ^jajI^aII lS^J J 

^ t_ij£ll ^Islj Ijc-Ij A!iix-saj ppv £-* dili dil I^JIajuLjjI 

CjIj 4a^.Luj J aIaI^. PPV (JjjLoiI ( ^1c- dal^)J ^.)\ jJ ^lilxk-al 

i *> jjjjLojjill ^Uj JjjLjj ^1a (Wittig) £-m^ (Jc-laL Ajjouj^) 3I IgMmLn 


16 


-liA-llVi ^ja^jjaII j 


^j^ajj . ^jJai^iA djlj SjIa ^a c( 5 _ 9) ^laj! cXA Z (j] 

^3 IgJUiijI j CJu j_j (j£a. |jj.la. £jJoJ . L.J jSill a J)^la. <SLa*HjojI 

^ja (jaljill <^1x3 ^JalS <^A JjjIjjj]| 6-1^. j y j ^Lj$£ll JjMI Clal J)jg,.>ii 

^iaJjJI jl Jj-aVI (jjS -li-laj ^ ^ * A y .Ac. La jjA ^_£AjJ <Jl lg..i^A.jj 6 71 JaA.t.11 

. 19 ^Ul! 4 >UI 



Jjjljjj-4‘2‘l-( (JjIjS Jjjjj- tijj-4)-5- Jjjj2-4-( Jjlmsjj-4)-3 :( 5-9 ) JS24I 


oatjaJ! .3.3.9 


f jJa.ll SjAa^aI! AjjjajI jjH (JjIJjjAII .1.3. 3. 9 

4_Jlc. S^jjLijA A.j'iA JL^aIj 12Lj^ <alljA <£3 I^ja CIjI^iaJ^j ^j^aj 

. ^ J ij jLjjj-4‘2* 1 j J j jlj jIjj -4 ^ 3 4 1 j Jj jIjjLjj£jI -4 4 3 c 1 jja£ 

^ja ^^JaC- ^)Ja^j^a 6^)aLj A^IIIaSI CIjI^jjaJ ^21 g,AA (J j.wa^.11 ^jaj 


21 


^-XJdjl^k’lA ^)JC. A. ; )i\^k 0 ^)aJ)J (JilXA ( (JjJJAjIIA )- (JAiJ 


g.ljjl l g...i joi.il j CIjI ^ja^j^aII L-IjoiIja j^Ij g ^ jjajI^aII ^ilxk-aj 
S^Jj-aA <a±la£ g-^jJall ^)Ax-aAll i^^j!i*jia]| ^^jajI^aII jl ^^jajI^aII g-L-aiil (JIaxLojI (j£aj 

. A.i,l 3 a\l Jua. J g._jjJa,\l ^)Aj-aA ^^jjaj ] jl AjjA ^3 g. jjJail 
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^Liajyi .2.3. 3. 9 


(jj3 <XjjJ^U <n-aL<lll jlj-oll (jV (_£jj£ ^JjjJaII ^ l.jJbjV 1 <.U9J C^U'K 1 

^Lxjulj £-0 ^JJiSljjj tl jSJjaUl £^La11 (J* 'n! J fi <jLo^2 p^Llai! £-0 <^.J-G.1a] 1 <.),2k..x.Al4.iJl 

J] l.jJajVl £ 4 x 0 <^.L^. SjLjj Jl tillj (_£JjJ . ^Jjx>iH ^LjajVI 6^)j^)Jjai JaJJJj t^LjajVl 
AjLa^-j <.y4x.ll a4& ^lc« L_llxli]l (jH-oJ (j^l J . L_ 4lH jjc. _jl g-^JaJ ^IjJajj (J-lx-o ^Jjj 6<41Ja]l 
.fiJ-ol21 6Jj3 pljjl ;IH4 j-G <12fc.AAl4.Vl 11 JjjS <Xjul)U <n-aLoll Sj-cjll 
(j-a Lo 6 (Jjji_j,J^ (Jdjfi j^)-ljA cJ^-° cxjHjaI "(jl^<oll ^lllxi-al jjSjJ (jH-xj 

JjljJ Aic. LjJjjJa <Jajallxiil S J^llll £.ljjl <Xadj 0 J-Q jl (J-ol^J 6 A-i^-xjlAijll (jjS <Xjol}U 

Sj-ojj (Jj.x.nHjJ -1^-11 6 J-0 J (jd^JJ-lj^JI ^jC- <jJalxJjalVLj <xol^JI Sj-ojll (jjHxj . ih XI 

> . 

(J-G (J>a4<l jdl JjljJ ^JC- ^gJjda ^1 J <Gj^ (Jc-lidj <XgL^JI 6 J-G jll Jjj S^gLJI .AxJj . (Jjjall 

.(6-9) **'11 ^jJaj-G cJ c, ^4l^ l-i^l ^jojIajiVI 3^3^<.xill .(JjVI 

<J 0.1 <liaUJ ^k Jj jljjjjjpj- Jjli3 Jjii4-5- J1±J -2 L SJ^ 

dj^J^Stb-a jl 4 JjjxgII Cj^LijSIjxg (Jxg Cj^Lj^VnxiH dll jJjujJ £-a Alall ^k 1.0 J] <1a11 
^aL-sali-oV 1 ^-liakj ^g-ui£ j)**n i nV 1 djlsHoui ^ (JjjjVI d2)LjjHljXG jl C(Jj1i jj-fl 

. 340 nm dc. ^j^L^axoVl ^LLaa ^44j lg..,i5Llj c300nm -lie. j j.ii& -2 ^.iLLo 

(jH-gj j . (jxol (Jxijj ^x^uj (Jd jj jlH (Jdj^ (j-G l^-j j-G jjJall 'jq^fc ,g 11 (jl^ 

Cljl _j jJj j jis) ^ajdjl (JjjVl ^XgI (J!i«G (_£jdl AljJjjJa C1 j1jA^-g (JLo.xHx.nl ^L^JJ Ljajl 
(_£ jxgjJjaII ^jj-oll ^ixjoli (_£ ^41 .(^jd ^ joj^jVI (jJ^)d CIjI J 

^-ix-xauIIj -2 s^)-o_j (jjjHj 6jlc.j (j^<}j . _jj<ojl ^ill c. Q.ig.j 366 nm dc. 

. <.i.2fc.AAi4 u.ll (3^4 <xjoiLU <x-aLo i^A^j ^^Jl (J ^A-a^ll 310nm .dc- 

jIj^S .33.3.9 


. (__)-ajll 1 4 a (jUaj A-lfil ^C- Jj Jflll djL^Loll C_kjUa JJ LlA-lHl <L-saLoll <jai^)l ^11 _jjl^fc.‘l‘l 

** * 2^ « 

CllljjLo Ig.'^A^aJ (J j3_l^)j]l d iLH^-O (J-OXJjmj . CllLljjVl ^3 l.g.jJral^)XJjall *^,3 


^ic. (_£ jHdj Clll jj-oJ jJ <jJaflll 2Lj.il2fc.jllA CjIjHj-Q CJJjoIJJ (j^AJ . <J^1 JC. Jj j4 


25 
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~ A j-v . .6 < 4 jlu6U £)^£j :(6-9) iJ^-uJl 



: <* i-.IjK*. ... AjjLIa]| AauLuiaJI SjUj] JjJUjj -( 4‘2‘ 1 ) >li«S ljI jSjj> : ( 7-9) JS-uJl 

JjjJjjSi-5 j <Ji!-3- Jjjlj>-[4.2.1]2H- tfej-4- yjl-u 
(^jjjAijjjfl.S-a] jijjljjj-4‘2‘1 - SjjJj* -7- Jjiw JjjjjjlS (jdJiSjjjl 
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Aaiiia “GjuiLoLi. dllj jj j 3 jl j-o ^lUjJ ^ <Jj j^!JJ _ (4‘2 t 1 ) j’n-al >■ “ '' j * Aiij 

aIi^LLq Jaj_jjd AiC- L-a 4(J ^lall Ai^. A-g! dli ^Aj • SAj!^) 

. (Jj^Ijjj -( 4*2*1) ^dc! Cl iIj£^)-q ^Ic. ^Jj-g! (7-9) eft Call ^jJJU 

^^xjSj jaa -4 (Jlo jJj jLij^-4‘2 i 1 dL£j-G (JLg*jjoj! a£1 

l!j-2] dim* Igldaj IjljojIj VI-qaIjoiI c^jjAjjI \j)\ ^C. Ijj-7‘a3‘3‘l- JAlo-6- 

i^A 4jlj J2G3VI ClLylc-lij j*_U^Jj . 4 1 >io\i illU ^j-0 » ^Jall AjalLaL^JI 4 j3|^)C-jJ ^iSI 

o3a 1 4 4_JaiiJua dllj£^o (JLttstliailj Sjflj.ii.il <i2b A ' -.-1 *- u.j.^»'1 

Jajj lS^- 'I ^^^[1.5-a] jl jjljjj-4‘2‘1 ^-0.2 lS^- 4K2i^'1 

u»j cilli] tl^jjar kSI (JjJlA- 2! C^Jajou]! S^lA-2! Aj^Lgj]^]! <lljalLal]lj L__l£^)-2! 

.SJajaall 4...lQ.).Iaj (jc- Jj L_l£^)-<2I JaJ^j 

-7- (Jj\)<Q (Jjlj J^j “5 

^^jo^jjAia-7 (j* t(7-9) J^dll i^jjAjiAijjj[1.5-a] j1jjIjjj-4*2* 1- ^^.^jjaa 
- 2 dibjSI £-o SjIojVLj ^jjAiAjjjjfl.S-a] jIjJLjj - 4*2*1- J^d* ^s-^jjj^- 5- 
dljXGjj^G £-g 4jj-gL (j^-Cj till a] cjdi9 b^A^i l_i£j- 2I lAA Cl .(JjjjI ^^juj^jjAA 
-2- jAlg! -2 ^A 4_LCad]! A^^pjjdl! d! ^jj-g^j j-g 1! 28,27 4_2df9 

tCl^ljj^l Jill ^juj£jjaa-2 j 6(JjaJj^);1j- 2- cJ^f3 - N j tdU^flLoi cSA^° 

^ l.iJaj^a! . Alg! (Jj^)£ld2! j i Alg! (Jj^^V! j 6d^\j_j£ldG (Jjjj! ^joi^j^jAA -2 j 

.Jjjjj jj2!j9 JA^g ^jIjj-4 6 2- (_>ujjJ| - / 2*2 (Jd (_£jd. l£*^4 J-^AxAj (jd! 


Aa^uiLLJ! AjuiVI LjUuaLa .4. 3. 3. 9 

if. ^x-ial] A-ujLui^. CllAniaj ^3 (2-^Clul ^ 5 - 4 ]! Cl! ^)j <0)1^2! 

.^l^ll! gjjjl ^3 ^2! (Jl^j \jl1a A T i^uii2! AjlIoV! -A !-^jjL<^. ^ ^JA Ij 

ClU£^2lj J j Jlj jjj jL Jilajj J jjIjjj c! 4^ c&-° 6 l! cl! (jl 

^)-ald . A.irkAjjfl.^.v!! (_3_^ Ajuuj^U ^H-aLo C11 j£^)-g ^A ^j^li3 j^i2! (Jj-q l^J AaIxIaI! 

U -0 ^*4^ ^Cc* j- <Q >' <Q cJj_)4-J^j3^ ls^ dlj£^j-2! l_2jj 
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al-AJ CjIjAaII 0-o ^ J 1 li& Lo Lille- 0^1 j . <iA.xoii.vll Jj3 Aju!m^\ oL^j CjITulq 

(. CllLl jJLx-all ai& Jc« L-liilillj . j^nll jl 0 joiJIj <j3 4a j-o.1o1I 0 -ii-oll 0 -o <_iAxoiiAll 

6 LLaII JJ-oJ J <JuJ Jl <LalLalll J Cluj-oll JlLl-oJI 00^11 JaJ <£A. J-* .ij^-A 

. ^ 1 g "\\\ AAJ L-ljC- J-<Jl 

Jill 0jl.llll 00 Lille- list jJ <ialjlxs $ JJ1 <Ll4ll <JA_xoii2l JjJ AjUalVI CIiH-aLo J 
ILoj ^IjjIj <Jj,o) Jill SjLaIIj LijI j <o & <x^Loll jI^-oII Jaj^ 0 ^-oj .<1 j)g lg_i3 I^a-o^ 0^-01 
a-iLoll cillii 01 x-aa 3 . jj-ojIJI Jixjujj c-Lijl jl ^jar Will CliLiiijjl <£jlui-oll aj-olill CllLiiij 

. Aj^lxul^il! <LalLalll 0-0 LLujLujI I^Ja. ^-i^^^illl JjJ <*-UL-U <x-aLoll 
Aj^loJ ^J l <Ux31aJ1 0 Ja. Jj <Ja ^J_j-oll <.jA.xjj.4i.vll JJ <xjoiVI CllH-aLo 0 joiJ V 

0xxAAJ V li& Jc. 6 Jlc-J .<Jl4J>a1I &J_JaJI C1jLa._J.11 AJIjCaII £.Lill j! 0xJraillj 

. JliJiill a^A^ll jl CllLii-l-olLi Ijr^k Vi > t 0U .iIjaII ai& 

^o0 Je- (_£jjaj Jill ajjl <Ltall <-iAxoiiill (jj AjuoiVI Cllll-aLo 0 -oC 0^-oi 

.<■ ViKMLi a^-oli Jc-liiL ji-oJ Jl J .JJ 
-'4‘4/2‘2-( Jj] -2- J jjLj J j J-2H)-5 JJ Cil jaojj Jl j i x ^aj 0 J 

-ll_jj£ J ^cJ^ll -llAJ_Jl 00 ^jaJjJAolJ ^^)j£ll 0-0 <jl_9Jjal-0J 6 0^ii3j0il ^xoJ^j-llA 

30 * * f 

. 0 jj.ii&jjJ£ 0 .jlj\jLf 1 j c 1 l-Ii Jl (Jjjjxiulc. j (Jj J JL ii-o jjjjK j Jj jL Jl 

^j -00 00 (Jc« liiV.il Jlijll ^3 <1 aI.i1I j! J-oll 0-0 <JjalLi -0 < 11^-0 C > Uni (JLoJtUxu! L— VA.J 
. lg.xQ-0 0J.ll 4 J '2 4 2 03l J-oll (Jjjal£ Jj-lijl J-GJ ciljjj '4 03j-oll .lie- (Jljai^JJ.'Jg 11 

Jllil 01 *. ■CraAj ^Jj^Jl‘n<oll <£-i±xoj ( 8 - 9 ) (J^Cill ^3 0 JJ<oll ^)J-o^ij-oll 0 l CIajjI Jl4l j 
aj-oiill J 0^1 j . C 1 j!>Lj JL ij-o JAloII j 0 Jjn x xll 0 o <^jjjolo a^j-aL J-lij j AjoijLaj-o a^-oL 
0l jjl (Jc* V] (Jx-AaJ V (Jj0Lj J j04j-2H“ ^Jc- <J 01 A-oll C1 j 1^)J-Q jjj-oll <jaliLAJ-oll 

. a^)-o 0 ll <-o\Ax^a (. ^ vum i <xiaiAi-o <J 0 a 

Ljajl 0 ^-o j cillj S Jlc-j . 0 ^-o-q 0 nVixv ^c. ^ 0 Loul 0 JiiJ 0 -q 00 -oll 0 j 

CjU£j-o 1 I 0 i-oj 30 ]^gQ°(^ 0 ^Lxul! 00 -ollj ( 0 j^jjjoi) J ^ 1 0 j» 

- > 

jjiJl j 0 j 0 \j_jj j 0 iill C 1 jIj£^)-g a^liSj 0 j14j Ig.WA.i c** Jll a^.li£ ^3 *i-^Li 0 <3^x-a^-oll 

. <J^)J-o^i j-oll 0^1j3 
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OH O OH 



: Sj^u-uj aLII jj . jjjj AjLiibU A 4 al_a j| jj> :( 8 - 9 ) JS-uJt 

‘ OJ^J jk -4 - -4‘'2‘2 - ( Jj) -2 - -2H) - 5 

^ 1’ 30 J j jLjj j jL -2H - ( JJUii S ji JjjLjS! -7 - yM&jji u* -2) - 2 j 


aJaIijaII JAiaII dj^Ll j^Ijjaj jjjjdJ ja A^jjjoiaII dal j.ia.v] jjII i— Vu«ajj (jj^. d] 

A J*N (jj3 AjUoiVl A-ial..jJaA (JIaXJjoiIj 6A_l^»*jaidil (jj3 AjLjoiVI djljjJAll Jjal^J 

S-I^V a Ajjj^II (Jdlj jj^jj-li^ll JajIjj jl j‘a.uJ jj .(JjjULa]! jtxJJjail Lifil jC. jjLqj j£j 
jj^jj-li^JI JojIjj] AjjIj£LoiI . A..i^.jaiiiiSl jj3 AjuaiVI oLdj CIiVija'I 

1 gMmLj A-Iojjja (J J jlj JJ J jd (JdjS CjI^j dJi dal jjaj] jJI Ajj j^JI Jdlj 

ca^.1 IcjjJ jjJJ A-l^jaiidll jj9 AjdijVI £>l^J CjIaUa'I dll -1^.J j! jdJJ ^Slj 

> jj^All jjil A_baUJjll A \ i n\ i n\ l 


ja Sj-aLll aLUSI A_i^-*jaijj]l jj3 AjuaVI gIaj 


jA ^lll^j^ral (jj^. Jlil 


Jdj ^-5 CjUIAa jjjJa^j <_£j^. . (Jj JAJ- 2 H-( (JaIiS j-laA - 2 ) - 2 ^jj 

-4 jl dL>bj£l -4 j ; Jjjljjjjjjj- 2 H-( - 2 ) - 2 j* Jdijjjjjjjj -5 j 

JUS-4 i2) -2 jl JjjUjjj3ij-2H-( J^i}2 J0j-4t2) - 2 j-o aLi5Lij£liLo 

■Ac. jYu g 4 _jjl jX-o A^jiii-a o j-aL I^j^oLj JjjLjjj^u jLjj - 2 H- 3 4 1 -( ^JjnA ( _ 5 -aaSjjAlA 

. aljl jy 


-( (Jjid c 5 joi£jjj ; ^ Jljj- 4 ‘ 2)-2 ciilMj -4 j CaMj^I -4 j A>nj 

i j! 1*L2I dll Ajlc-liill oAjAjjj jj - ^aaall sjajjU IgjjS £_-a 4 Jj jljjj cJ)jj-2H 

.Aj^Iaxll ^LoiVl L . t^jLall (JlaJlI) A-g_^ jy o jjtj lg_j| Vj 
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OH O CH 3 

I II I 

i 2 -ch-ch 2 -o— c— ch=ch 2 

-4-2H[ Jda( dlUjSldo ffV&J -2) - y-Sjiil -4 - -2]-2 :(9-9) Jiill 

(MBDHG) Jj jbAsiL (j-djd 



-2 ) - 2 (3-o jSIIlo j i _ 2-1 j j^l *•“ iW'ud dV jL^-o d^>^ lillil 

-( Jda j j^ja -2) - 2 dl-i^j J ■ -~i'V i dua. J jjLjjJj j^-2H-( Jda ( _ s _u£jj 3 a 

3 I ^ !•■>.) .AjjUJI jfLoil d^jSlii*!! jl j. o_}j <J j J>Ijjjjo- 4-2H 

.^Ul 3-0 13 ^ IjljaLjil (_j jj-o2_jill Jc-liill 14 a gjl^j 

j> # 

jjjoil (Jj Ilu ilc- dUS__>A (J-axld jl 30 V3 

_jA j dL5j2l o4a -l3 (9-9) (J^ouJI 3H^ .S3-0IJJ -UA41I dLS^ai] duUajll 
( _ r u£j3x-4-2H[ Jda( dMjjSliui cWjd 1 Lr u^j -2)- LS ^oSj^Jl -4- -2]-2 

-2- JjjUjjj 34?-2H- ( _ S J-iSjdo-5)-4 Jc-liii 14 a jjO-i<'i (jj^. 

^ ^3 yz'i I (J33 ^_C.lj j 3-Q J3J (J-ojdoUj - Jj3-d^ d40 ^3 Ido (J j } J) ( (_]4 

.0 ^a 12] 13-yn-o -d L-^aJ 3j\.^JQ VC 31 J tl^ji^-o -diu-^aJ 


4Lli JjjLjjjj3li-2H-( Jda ls jo£jj3a -2) -2 dLS^ c- 1 '< 1- , 3 dl j 

3 c. (3]4^ 3 -o^)j O'O ^ 5 ^3^oll ^33 2 ' y ■ ■■- 

35 * 

. JLLgI j}\\)A ^JO^J^-liA -N £-0 (Jc-lidll 

j jij-2H-( jjua -2)-2- CjU£j-q Sj-<2j 

jl aIiL^^I Clll £-<* A^^jJjoua a!^ 3-<JI ( ^3 Ifr-tlc. (J jjljjj 

jl tA_LaiLaJI AJj^Ja ^paLa^lj 5 £3 j-^ 1 ^3 (Ji^jT UnVl (j-o ^cjjj . A-iL^^IIIlg 
A ]>ixV( C1 iIj£^)-g i Aj^j-gjAjIjV 1 (jj)^jlu*ill jl jl AlfcjiLaJI A_LjJa 

. A_i^oiii2l (Jj3 AjljoiVI oL^J ClitlAxi Ajoiaj Cli3 j\\ 

(J A_^.^j A_i^_*aiii21 ^3^3 AjuoiV^ ^ j~n- djL*jjA*JI Juij 

^j^\^slia\ ^_Ic- Aj»jiM CIjLujAxJI ^Lqjj jj cA_ix_njnl! \ CjLujJio (Jl v^nTnul 

(j ^3 Ajuoi^U A_A-aL«2! CjLuj^xII (jl^ 1 ^A j . cJ^^ AjIasJ A-i^-Ajjiiill (33^ AjuoiV 1 
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4-ix_nia]l ^jISa 1 - 1 ^ Ajjt-yA IOL 45 -^ A-i^joiiiJI 

idjLojAxJI (JLft x H xM vU (Hydrogels) ^l^JI y cAj^^a JjJasj .^*11 

AjljajaII 4 jn\l j s-LaII A \ a 11 A ar jjjnll (jl VJ ilOL ^jjlxll <^1 Sj L-sa^-sa^. j 

s Vi cA_i^joiijJI Jj^3 4 juaaU AH-aLall CjLS jaJI J U.j^ va\1 CIAj^^jaU 

•ci^ C1 jIj£^a C 5 ^ 1^-^.aJ L_lx_*^aSI <ja 

CljLaJ.lxJl ^3 A_l^judilll| C3-3^ AxjoL^U 4_x-alA]l Aj^)Jaj\^a 11 j| jaII JIaxU c j£aj 

f 

djj^).)Aj\^J ^JA fi,AA . IA_JJC«J (,A \ \\9 \\ Auc.1 CjLa^xII j cA^J-a^Ul 

^ ^ . .»* , e ** s 35 . ^ * 

t(Jj^jlj^JJ ^JA Jj J juOA jA (_33^ AjLjuJ^U Aj-alAll jIjaII .1^.1 . 4_iL^)£l 

. Q^li3 j^iJ! (j-° J^jaa jA 


.^LaiJjtll Aj jIaI! CIiI^ja jj jaII S^aLSIj djLaiJjdl ^),,vjJa,^kJ IajaC- 

^JA tiilj J CL_J ^jIaII LS j'^aILj ^Ul'l djLal^C. (Jj^juul CjU jSLdl (JjJjU 

>1 

SjaLU aIAsI! A-),-^.j>jd.4.iv\i (_3^ 4 -xjolAJ A-asIaII jIjaII SjIc. 0aJjj 

.<Lal-l*JI ^ S^jaLia 6 HEM A cA^^LauJl 


4.4)la^ll 4 jljol}U 4A-alAll j! jaII ^caJ ^j^aa]I ^ja V 

J> 

Al^a La jljA (JIaXJjaI C^iElj .4 Aa]I ( ^3 100 AjjoUJ AjjaUJ^)]! Aj^jajI^II <LalLal]l 

. ^ i-*\j u*iM\ AlAij L_ijUa j\\ 6.3.1x11a A j's j.n4’nll Ajlja!>U 


Al^Li cjliLual .4.9 


lj! Wy a .1.4.9 

jjjtjjj LLIj dl^4jU a kA wi^>. CjL1i^.j11a ajjUJI CjI jxgJjJI 

^ C1jU£^)a y} (Jj>^-4.a 11 i^A 

c!jIj£^ja ^isLjaLj cilSiiiH ^ 1 a ^jS^A-j . ^jjaj\ c i l^.q > i J)4r\.j j (Lewis) 

A^.j 6 5_Sl^3 CIjIj^^ja ^jj . Av^.'^aSI Aj^jjaJ^II ^Jj Aj^)laxll 

^A AlLxi]l C1 jIIiAa]I . £ Ijj jjII .IjjA^ji 2y^.yl 4111 djljJ-aJ_jJI y ‘•[_yot Jx^a-N.11 

• 38 JjjLjjJ J^_pj ‘ JjjLjjJjJw 
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CjtLulaj .5.9 

•** 


dUd^jjjVI .1.5.9 

Z 

11a (JxutduJ .( <J jl) dll JjLaJ jd “Uic-lajJI a-lpd dljdu J jii I ojad (jl 

i _ 'I j * (JiLa dl jd.a .(PU) (u^-yjjj) J jj d :l jjJidi (Jc.dll 

Ji 

JaJiVi 6 jil ^ jj-oVl 

4^£^)-G ^ 1 c> (_£ j iCliljljjaJJ (_£ jl^J ^JjVI c (j-Q Lqj-AC. 

.^LjajVI ^ j-o -(J 

djI^^Uall j^£jj . jj^joiillj 1^-^.l.jJajl j£-aJ 4_4 £^}a]I S-li^j <1^ 1 ciiLiA j£]j 

jjJ) L_i£^)-G L) •* x'tlj PU (j -0 iuxtll 

t (Blocking agent) a jj Ujj^. j j>^ <j NCO ^>*j 

• 140°C 6^)1^)^. dllsk^p 6^)-alJll (Jc-lij Cllj-l^. £_LgJ Lq-o 


0 jVWxill Cljljljjaij jjVI ljl£J .£jLal jl VWl (J-olc. ^alj£V j^)jl£~S (jj 

(jS-aJ (_5 J^.1 jUa^.1 (J-J JC. c^IUAj . 200°C J 170°C (J;JJ ^Liajj Sjl^. 
jjjtlL-3- ciA^ 0 ^jljJ-4‘2 jl (JAjj dlU jlLa JLg ®Jj^ dd Igddajl 

- ^I jQ . dv I ^Jj (Jjd l^jlc-dia (jl V] t^udjl j, ajldlA -4- ^jjda ( ^jljj-6 t 2 jl ^aJjoiSjl 


^bj gjl^a jjdaJ Idaji jjduj . JdJ jddl (Jxlc. jA Jj jljJJ-4‘2‘1 

. jddLU JjjLiJJ-4‘2il j jd i_Wj^jd) 


(jjiLuil ^gic. (dljdu jjjl)^ _$J ^IdlVl jjd_jall ^ ill . dll i4ii.yi'l S jl^ji. d.jj 
^Uii jj^s 111 jx djdla dljdi 'a JU‘nI ^ill c dlidu jjjl ^jUj (jLdA-6‘1 

HI . jd_a lildl (jjj dlllj tl39°C t(Jj jUjj-4‘24 j jy^l Jyj 

(jx 111 JX <JjLdLa ddad Ia jlddl j^jjll (dULlaa jjJ) J JJ AjjlillVI dljjd jjll 

. ^ 130°C (_^ jl-d Ig.^jna"! ojl ja. Jliij ^lii dlijlLa j j^al <_ jld 

(Jc-lij Lai .140 — 130°C Ls d o^jidus JjjllJilL ojddall dLLuajjj'VI 

^Jl jddVI u^ls (j* (_ddl ojl^)^ “dj^ d (_£^>aj jjl (j^ajS jdd.^1 
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J)>W'i ^oll Ca!A f\ /*n'la 5ajlAx> ^ A. ^jjJiall 4ajl^)£Lail . 25 — 15°C 

. 4 ^ (JAj CjU jILo JIa i4.us*a^ -CH CLil jluiU 1 

i * 

4 _^ J ^Jc. 4_1 ujILg J J^lajJ-4 4 24 Aiajall^J 6 jV'l^^ll (ClAiLluJ J jjl) JJ Cal^jaxoljJ CxJ 

i'll ^ 1 ^ ^ ^| - 4 J~V. I Il^l l l" ]^i\ i i" <1 \ ^ \ \1 1 ^-\ \ )) l'o \ J,,q| J^~ 1 ^ L ,j s-\ j t -n. \ 1 

^3 1 g \j\ba-A (ji tl % \\Aa ^Ac- $.!AJa]| Calaj^^jj ^^3 JLgxLolAJ 4ojjjI_Lg ^iC- ^jojLujI 

jail (__£ J *- uJ S^jia. uj-o ^jac- 1 -g lallc-j A_^.j^lll Aallc. II CalnC^H 

(j-G SjjCa^GlI (dlULujjj jjj) ^j^J CaljOAoljj (jl X! *,>^11 C 5 ^] Q jVl^^ll (djlalajojj^jj) 
(jj£a Jj jlajj- 4 ‘ 2 6 1 - (JAlg c^-S- 5‘3 aIsjojIjj o jVW^ll j CalaLiuj j^jj ^alia (jLa^A- 6 4 l 

. 4_CaAia-G A^.jJLj ^xaCaj ^jj^kall ^3 aj^aix 

jUaa.1 J-gI jC- J-Gjtojajj CojVW.g' 1 4aa^JI (CalalajojjjJ) ^Jj^j Cal jo-go! jj <11^. ^ij 

^) 3 jj . (Jj jlaja-4‘24 j (j^l j^A £-8 L&-° tb - 0 (jl ^ SCCxLg 

^3 ^ja-cc- i 0 xi AaLl3 Calc Cal^!A_la la^jl^a. ^r jJax&ll ^£111 (j-a Cala£^Gll (j-G ^^all IcA 

.* 

clj-<ill aCA (J-gjC 1 *jjj .Cal^^Uall aCIcj A*a J^^UI ,l 2 ill <LgjILgj tAA^xll 4_^,^)C 

. 4^ £jLi ^ 1 | ^ jUal (JjjLujI Cal^^AJa ^lajV (JojCaSalla 


Llktll .2.5.9 

j! cJjojj Jal A~><g 1 ^j)\^^. <A) \ Cn (_£_j^a LgCoc. ^Ac-I c4j n’t'n (Jcx-g ^ 1 c. (J*^^ ^ 

jl t(ENB) (jcj JjJJjj (jj CaLaj j Jaxiill (j-G (EPDM) (j^C ^jalaj^j EjaiaaaJ ja^jjj^l 
0 Oil^ ^LaxILoiIj .ENB Aa-Gall ^j-g EPDM (j-Q j cJja^J Jalia^Q ^j-G ^ajC-^All L_baulla 0 J^-g 1 

jiL ^^alLk-aa c4j u*>n CaV Cx-g ^ic- (Jj-^^a Lg£ . 2 J " cJ^^ 2^^^ 

. CjJ ^)CaA lo£^)-g IjCajI (J-^^Ajaa LgCjc. tiilc 

Ja 3 ^-la JlCa iA\ \ t‘t'n 2 j5^-J^“4 6 2 4 1- ^ 0 -gI ( (Jj jlj * njlLa ~N)~3 (_^Cjj 

.ENB Jaxull ^j-g EPDM jl i}±*jl JaUn-G c^l nuj CoAcILg^jjC- cJ^J' 0 ^^ _J 

AojLlgo^ ^ILqjj ^cll t Jj jlajJ-4‘2 4 1 - jlixit -3 ^-laa V Ja j jjoJI Cli^a j 

iA \\ jaall ^glc- £jC3 L$\ ‘Jjj9>-4‘2‘1- jJXgI ( (JjjLaalLa-N)-3 j AojaJI SCjCjjj 

. 43 ^JL^ilt 
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.3.5.9 


alojI J dU jSaII dJ J jjUjj-4‘2‘1- j\;-ai - 5 ‘ 3 

a22ylx«Yl Jjlc. /lAdll ^5 3 AX 4k* L j J^J fljLdll dlj 

i_)jT,A~\ \.'J \.'£ '' j niLUjSjj dljILJ A.j.d.a^.11 Lol . 45, 44 

• lililiLalt ^Jxs Li 


AjJIxII SjIjaJI aIa^Ia!) .4.5.9 


(doji) dll JjLdi]l Jj jUjjll jl (jjijjjJI ^(A4 iS^Ji 

jjjA^ji ^Lj (^c-Wj uj^j jjj- , 4‘4« , 3‘3) (_4jj l ■ 4 ^ j 

dldj£ JjjLjjil o jjj£ ( _ s Jc- (BTDA-DATA) ( JjjLjj-4‘2‘1- jjj-ol ^Uu-5‘3- 
-8- cr^^y 2 jjj-^-3‘1- AjjAj^jl tdJUa - r 4‘4) <_4 jj lSj^Sj 

td^i . 47 ^l^ll ^ JjjLjjllI (ODPA-APB-8-AA) ( j-^ji J 

He. jkiXL ODP A- APB - 8 - AA Sd q*. J, . 350°C He. BTDA-DATA 

(j' ■ dNI jljjj .AjjaiLdll ^ jA41 ' ^"a. ^1' dl jjLaJjJI jllii.1 i£^- • 400°C 

. ^jAdll dl Mx.a 

-5 ‘3 J (jJ-llJJJjdd g4lli-6‘2 £-0 jjiljV' ^Uj ^ j-0 lSJ*. -is] 

* # 

lS 4 ’LM- 0 ^ dLSj^s UU™ jVi ( _4 £ ' JjjIjjj- 4‘2‘1- jn-al 

AjAfi 'll j^jljj j*-0 dLjljj (Jc-lidJ (PI) ( I'Jn^al 

ijx £^a PI Add I ( _4 C - AijjlL jj-^_><21 (jjilajJI AjiLdill i . ' » ■'! ±u 

. 48 dLji jll j* jll 


i > iu» Jjjtj • A^va.-da L-ilLiJI ^3 ^A *s *41 4_i3L-aj]l (jj 

^jjxt) .<jdai^-L<i AjfLijt «ci 4 _ajI<Lg ^\\‘*ixn \ j » j ^ 3-~i j ^411 *s *41 .liuj^jl <jl dilj 

lg.‘*i4.w^ dj lUS^o AlL-saL-a^j AjjojL^J ^)ia! ^.Loijj tdj^L^a ^11 4 j &\ 

(j-o j (CBTA) J jjVI c1jIj£^)-g . djl 


49 


j\j jjII jjc. c_i jL^ll 
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(jja. tojllLo^s tjjjlijl jl -8 j CBTA Jl* diljS^a Cjjg.Al 

* j> * 

dj^L-a^ll 4^1 ks"i)\\ (jl V] • \ (J (JjjIjujI ^Ic- J jjVI CllLd^Q 


dl.vix^ 

^Jal ^Slj . 1 g K xVm dc- 


jljj^jlj L-.ijJa4‘s.*ii ja jT^jI -8 jl CBTA j a_^JL*_a11 

A ^jxt <Lo jULg c4\“lxn A_lgLoia]I A^J-gjoiII - (Jjj l ^ ill 


CliL-aj iA^L-ajlVI CjL^,jJ ^^lc.1 (J j jl jJI (J jjVl lj£jx 

.^Jajoill (JjJa9ll AjJaxj i . \ n*n c785Nm 1 


AjjjaJjJI jkl^l CjUajia .5.5.9 

-LaTi^Q J . ftjLja-Q Lo 6 ^jjoi£ 

(J j jU jj ^ ii*) -5 (J-axiLoiaj • cJ ■^ ajuj j is^ A_]aj^\d . j j^jjjl *s ill aJU. ^a 

^ ^Ist-all (J£lj Jan,j . ^ (JSU11 SjLJo/^ 1 A^l^Jl dj jJ^ll djl±j£jj C5^ Uaffba 

qa AAaII ^gk 1 ^Jj AdJ! ^3 0.01 Jl Ai^j J AiljJaU A.bJax3k]l 

. ^ ^ Jj_jl_^jj-4 C 2 4 1 (j-G Ajjul-U^J AjjalLal (_£ 3 


j-uiajiit .1.5. 5. 9 

l*_Lo AjJaaJI ^Ic. ( J jli-ol) (j- 0 

£_ia^J A^jj^-q i** u>n\ AjL^^II (jj . £ja 

. ^ Ax^La i^j. -a! ^j-a e-LfaC. ^)g.la.j (_)jliLa]lj^ .Ada^ll (j^ 

g. Lulxj ( ^jaiL^-ill ^-lajuJI A-)Jraxj 6 AjjIj^^]! CIjL^.^ 111 ^glc- (jjjL^jll AjjoiC.1 AjU:J 

. (J _jl ^i-a^j^-a (J^- 0 JaTkal A-pxj^axH 6 JjudVlj A_iic. (J 

bjjAl (j^-^ (Jj (JjVfell CjI jJ-Qjj J-Q ia^a C**Urij\ 

JjjdjjjjJlj l! l!^ 0 ^ ftfiUa j C1 j! i C1 jIj£j-g 

53,54 1 . 

Ujjc-j 

s'" 0 > 

<jjoiL^j oj^j cs^ - Jjj9j^ - 4‘2‘1- j\ul -3 oA^uSVt g-ijj 

^ jj\A /i g-lll AjLkj . luijlila ''jjj^i }1 ^LJiiC. ^ J jjlik. J j A ^ 
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^ iu>n A.k\x.x^> fijjjiwj S^li£ <jl VJ . ClAjj^fLix* Aje-JaJ 

. <■** -Lo^Ijj CIj! ^±a jjt2 _jl (j^^ 3 

Six«A (jj$Lu 3j ^21 .,\9xxll (jj$^ (JdiiB l -r 3 ^^>' Q £1 aJ 


56 


? ~s ]^i.ti\l -Iain \W ^3 ^ iS^Jht .J^^U (Jits 

Alsufl Cjl£sia3l .2.5. 5. 9 


^-£jJ J ( (Jj^-ilC') J^-> LS^ -^V ^ ClAjJjujj ( ^3 

l_i£j-q (jj^ 3 tJijjJI JjSJc. jjj! ^ Jjjljjj-4‘2‘ 1- jii^l -3 j 

j)J jVl JA*J 4_1 ^Ja]I JI^aII £Aajlj j . j)A <jLa^JI ^jasI^. j ■ C- 1 J 


59,58 


ija. 


b__>a12I A, Vi Vi (JLaxIvaU «.La]I (JVl a. jLA I AAjIs JJC. J j jLijaII CjIaJjol^ J*-?' (j^AJ 

(ill j Jj IaS i ‘■"'l aii.i^'I a Jc. <3 ,jll <Vjla 4 a jjaa]_jj 4_laC. I (j j£jj3 . ^ La j^iLJU 

A A * .* .* 

caJaij V W J ^ jV^i]! i ol» VI J ^jjjill ] • ^_p jj'LLI jj^jj/l dilL 4 \"W V VI ( V ^ 

B.1^] j^A) ,aLa]I (JaLaI ^Ac l -— iA^Lia ^3 (jlAJ V V..A3 AaVaAOJ ^JaXJaAJ (jl (j^AJj 

• CjUIaaSI _i Ajj^ill A Jx uajL/I J^a J^'l jjl 4,; Will 


jua 1 sij^l ujU£ ,jil! .6.5.9 


A_iaj .aaIjUaII AjjIj^JI till JiLa^II 4.a3ViV AaaaLja CliljliA] o^]_ja]I CjLjjSjaII (jl 

VlC- <C.^)aaJ CjljliAl aV oa]1 CjUjSjLII ^ja Jjliil .Ajjj (jl . '>.'J .LaLa jlill j L/l 
(J-lXA VlllAJ j Vjl a jV'-.AA j 4_j.li jl j/ Clll jlii] bJja <_i£ja jl^JA ^ I "'■*«■ *' .I^IIxJaaI 
VjI-n .Vic. AaLaJI f il aj ».'■%.'! ^ ^ AaaaIIIj IjjjS LjjLc- Ia-n^w (_jlL.Vj (JjiVa (jljli^l 

(JLaxJaaI (j^oJ -LLlill ^ ^4jjljll L_ll*jSfl CLiUjSjj] j - 6~’ 1 . 'g " *UjjVa ajl^i. 

-5- JAia- 2) jl (Jjj'j2 J^iis -5)^^ jl (Jjjlj2 J^-l- >\“l -5) 
jl ( J jjLp^ j' -5‘2‘1- (JajjS-3) ^ j*J jl ( Jjjl j2 jAli9-l) (J JJJ jl J jjl JJJ ( Jjiia 


• ( Jjj9jj-4‘2‘1- JjiA-3) Jjj 


jI^AAaVI (jjIV (Aj5 jc-Uj 4AAAJ b 6^)Aulj djlj£^JA ^ ^ 
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-5) ^ j “5 JjjIjjj (Jjinall 

.IjjI jl jLaojVI clAjS^oll £>Ji& • ( (Jjjl^)Ij 

Jklll $.J±i (JjS H-aLo !>Lc.lij ( J jjl JJJ JjjjS- 1- jli-ol -5) ^)g3aj V 

(J^.I^)-q djlc- JjdJujJ SjljaJl dllil jj^iUll 

j> 

.SJ ^)JC. L£*^jP iAiiUall 


L-flLjaJ . ( ^-llLxk-alj ^Lst-ll 

tJj-Gjj ^jjjal£juJ j-Oj^)J-N cJ^-° ^ (J-olc- (Jj cJ*^ jaUS (Jj_jlj^JJ 

Jjlia <_pX J] JjjliJill <— sl^aj J>j JjjLjjj tiyj^ cS j^?- LS J W JJj 

Jjlia ^La ^Jj J-a^uj ^gi AaA Ji]Lo jjill (_£-ijj -Wittig A_ili2 ^wLq jjjjSlJ (jjLoi^ja 

j A-a jl (Jj-a fijSi-a 4lLa£j A I B N £-a Aj^jaL ^J^xJ ^A-aJ ^£^1 4 Jj J)'ljjj 

.(10-9) ^ 3Iuo Jc-lilll AioiLa .Ziegler-Natta tils- j1*j j 



Br— CH 


2 





^ ^ JjjLjJ (JjjjSlt IJM AjjjaiSjj ^iLai :( 10 - 9 ) JiuJI 


i CIllLaII ^a^JJ dj ll^lij ^ j) ^ /Q~n 1 

. ^ jJjuAj^JI djl JJJ Qjd <1a1I 1 0 l£ jluiA 1±1 uj_JJ L_Luj J-<JI ^a jd J^V I dj! JJJ 
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(jl cJju ajjIi^aIIj CjIjUU s.i]ja]I ajjUII dj^Li^jaoi] (j^Aj 

(_£jjj .4 j^)I^*JI c.LjjI ^a^^JI ^joijjIIj <Urai.i^All AjjjUI A \\ \W ^3 dil^iiu 

63 c * s 

. ^ j^jj-o^fl dl jlj jl jiluil lj-ldl*J I jjJ (jjLajll .iluiSjl j jjjailj _j2l dl jSi 


Ui joa S-i ' ' dl i±Ai! .7.5.9 

«*Vi* •» * Vi* *• V* 

«x 

■LJIe. bjL 2I ad y VI .L_iUic.VU 6 .1).1 a ^)-al J j jU jj -4 4 2 ‘ 1 - >4-4 -3 ^ll'i-aj 

S^IaII AdlLxill Sjljj (j^AJ .Aj^jill j)A (JjoJu La (jtc.^jjd j £.La]I ^^3 

Sj!i3 ^ic. I&jjJ (_£JjJj £-iaJJ ^Lxill SjIa]I ^Jj <ULxill 

• 64 1>. Jll i> 

^>^JI jdllj a j iL_il2ic.VU aAiiA Alil-ilo ja j dli dljj^ui_jj jjjddi ^ 

-4‘2‘1- j\ul -5-( Jjjja-4)-l (j^-<4 VI4x a .JjjUji jij^I dl 'f'j*' 

£-o ZSjl da a^aL (JjjLjjJ-4‘2‘1- _jdol -5-( (J^jil^l ( _ 5 -ui£j!dsjJjl£-3)-l jl 4 Jjj9j3 

. (jj jiluill jl dlVj^Slda JAloII 


(_jAil Vlii-a3 . daVI Jajl jj J C. 4^aiaJlj ^ d»H -dall 


o-jLic-VI dlAnx2 yic. Ijj^jd [ J j jLjjj-4‘2 4 1- jiul -5-( -4)-l] J _§j 

h>»qVu > I jjjd I Jjj9jj-4‘2‘1- jlwl-5-( Jjjjij Jdis -4)-3] ^Jjj eS-d cs^ 

. jI^aII 


AjjUail dL&USIj .6.9 


(J^VI ^-Ic- I^A tJjjL^jill CIjI^iaJ^J Aik-*AA Aj_jL^j C1jIa!}Ic. jjV ;Lj^)& 

CjU^IaIIj <ilx!iA CjIa^UI jiax j A^.jj JjUaIUj .Aj^^jaVI s. Wia'1 ciAjV^JI 

.^x^I^aII AjJ_^iill ^.IajoiVI (4-9) Jj.i^JI .Auc. 1^)11 


uUn .7.9 


J ljn^>c. <aLoj SjLq 1 (jl c^l /tij 
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Sj :( 4-9) JjiaJI 



(J 

BASF AG 

Acronal® 4F 

4_ ( J -n CxXi jSI ) J jj 

Hoechst/Italy 

Alftalat® AN 739 

39 jH 

Fuji Photo Film Co., Ltd. 

CP-45X 

34 

UCB 

Crylcoat® 2392 
39 - , , 

Bayer AG 

Desmodur® W 

42 

(H p MDI) u^°( - 4)~ o*# 

Bayer AG 

Desmophen® 690 
^ OH _ V» niU JOuij 

Showa Chemical 

Hakkol FWA-SF 

^ jjis (J-olc. (jAiLlui (Jjjj jl 

Elf Atochem 

Lupersol® 256 

tJjjjl (JjjjI -2) (jajj- 5‘2- ciA*® ^^j-5‘2 

^ (jUoi^A ( 

Grace & Co. 

Shieldex® C 303 

42 - * 

a! , >i ^ C-l t ^aj) UullS oJ^Luj Lg-ifl (_J^A±ulA LSi-jljjui 

Shin-Etsu Chemical Co., Ltd. 

Silicone KF351A 

^ JJjJ jLjoi (JAia 

Exxon 

Slovesso® 

Ciba Geigy 

Tinuvin® 326 

-5-( JA* JAa-^- JjSjj- -'2)-2 

Ciba Geigy 

Tinuvin ® P. 

^j-aLo ( cJA^ l)Aa ~ ls" u A9J'^ - 2) -2 

Tronox Inc. (Kerr-McGee 

Tronox® R-KB-2 

Chemical Corp.) 

Uja^VW ^cJIxaII 

42 

DSM 

Uralac® P 1460 

39 Jj4s? _>4 Ls^Ji 
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3 aid J 1 _ j a 4 n . ^ ^ dllj j jjfijl ^Jii ^al^dl ^ jj-a aid jV I PPV 

I jld-aj jjiiil ‘djd-all PODA dll (_ £dj • JjjldLuS jVl QJJ^WI 

( _ s _aa>£j! JjjoiSa - 5)- (_>ai-5‘2)) Jjj ^lila^al (6-10) JSd]l (jlii . JjjjVl «.jdail 
.((POOXPV)aAili3 j ;ii' . ;3 -4‘ I -alt- j Anji - Jjj ^l£-2‘2-( JjjldLo£jl-40‘l-( Jdia 
• 400°C Ujl^i. ji~i.g av j t^Jjadull dlLudoll ^ Jyl ^ '51 I (Jill 4jl 
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(jjjAjIujjjj _ jj| - JjjLjjLaiS j\ -4‘3‘1- (jjliii3)^Jjj 



(OPPV) [ u^-'44-( J j jUaluiS J -4 ‘ 3 ‘ 1 - ^Sti-5‘2)] ^ 



^ Lu Axilla JjJLjLuiSjVi (jls- is S""' :(6-10) JiuJI 


(Jc-lijj ^L<uJI (jc. Ajjlj^ic. ^^Jc. ^jioJ 

94 

g 4 ' dll ^-JJ jaJI (jjjil • “ (jjjt J^l lilJtiajjjj j lAAjk Ji (JA 

lS y4' ^ J^4j4 ^34' u jj^ C> LS^-' U- 0 44° iS J^r?. 

(j-o Ig-ilc. 


CljliLaij (JAlg J (j>ax?k.\ l ViKMIj SjaL]I 

25 * * * 

. ^jjl (JAlo-N\ (J J jl ^j-ll-LUa -p <£jJju4q Clll^lAi] jJ ^jjSj 

.^j^AaSI A_i1axJI 
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l>^( ujb’^-4‘1- J14i )- / 2‘2 J HiL^al Jj jUjLui£jVI ij* j 

J s2>2l l-£& .(1-10) J£2J1 jtil .[ JjjU5Lu£jt-4‘3‘l-( J^jj>-4)-5] 

. PODA (j-o jj! (j-o j-liJ cJj^^ -5 6 1 cjLo ac-jIIa Jjjj ^jjJUaU diL£j-a 

(j£aj . Aaj jj V CIiLjAa cJ^3 1 g *>>» \j cSjLIa V ^1 ^a clil jaaJ^I ^ia^. 

djl^.j CjIj Al^lbU AjuJaLiJI (jj^)^^ - 9H- i ^j\jj-7 i 2 ciAj£ja L_sjl£j 

27 26 * * s 

. ’ dal a A A Via (Jj jLpLai^jl j 

• ’ (Yamamoto) jjjaIaIj <jjl& ^xuAj S jaIJI u-^ I^a 

S ^)jJa2kA,Il cilia (j-o a ja\ J 1 (j-o ^ic-l A_^,jJ jJj-gLaIj (jjUij l3^J o ^)jJa.r^.A.H dal jj ajIjjH 

. 30 (Heck) tSlA jaiL 


Alij^vi S jAA\ .2.2.10 

J Jj _ 4 6 3 4 1-( JAiajjjK)- (_>aij- 5‘2 (jl djLuJ -^1 

j jj ( (jjL.ua-2‘1- Jj) ^lS-5‘2- Jj JI j^Loi^jI -4^3 c 1 ) uj^ ij .aIuj^I SjaLI 

- # •' ^ 

A.x>a4*s.‘iA (Jc-liaSU V U^j 6 ^ cJ^ 

ajlj^ll 2 lS jaII (Jc-lidll I^J ^a^Vill (J^aj tcillj q Z> LjajC. . — 40°C (Jaa 

J)3^.a A2L»«<aj ^ajjj jSjaijill (JjjjJ ^C«Ij_j *^}AJJ^ £a ^-iiJ ^Jajuj AiC- o^a12I 

.(7-10) Jl^ll J> ^InA . jjUI JUkl 

^ •* o o % ~ 

<dilj]l dljjJJI (_jA£j . (Gilch) (jikc. sj-alj Jjjja tsjlA <_Jc.liii]l <21 <l2jj 

1 ^ JJ . >»^"' ^ ^>^-3 ^Jl U -0 djd LjjJC- (J2aU ^2^)^ 21 ^jl 

.I -.-K-'ll; •; j2;'l (jc. 


*M^\ .3.2.10 

^ "' V (JjlLalUj . djjjj^ll JLoJtiallj PODA dll JXtll _JJ <iiiul (ji<U 

<isiui A^.jJ (jl’qVl ^j2oJ . JOull 3jb‘" J/ 1 ..' •“ (_s-2^2 c’nj '^11 J jji4i JLutdaU 4 ial.,11 

J^ldVI C(CF 3 ) 2 <-w\^ 11 PODA dljxaJ^ J2£ V .4.0 Jl 1.0 <> 


33 


2.0 4 *'i\i n 2c. c-Lall 
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N=N 

CI-HC^c/^CH 2 


N— N 

X 1 

ci-h 2 c /x o / ^ch 2 -ci 


X u. 

— h 2 c=hc x o 

JjjbjLuiSjl -4*3*1 - ( - (_>ujj- 5‘2— 2 S :(7-10) JiuJI 

.3.10 

qa JS AjjIcJ Aj^I^s'I PODA 

^)jo^ U -0 L5 2^J ^)1 jVl * tlV 1 jIjiAj • (J jV 1 6-l^.JJ Aj^jJaxJl 

. ^ JJ-g2j 21 AjjaliJ^)ll AJjalLaJl ^ (j2-LU3 -p 
# > 

.VW (Jxo A_JjC«^Q iS^P LS^ 6 till i ^ic. 6 JXiC* 

(_ysh J^J iA.xsik\. u J^C. ‘^ J 2jAj ^Ajtij^)-a J3^> CliL^^p J ^(^A-21 

Aj*> j jISI <jj£j Lq^JC> -inis Ai^o PODA AjjaiC.1 ^Ic. (J jj^adl .6.11^. A J^nl 

AjUaC-V PODA L^P. • ^ 2.7 dig 1 (j-Q ^Ac-I Cjjl^).)«c>j\^jl] A.l.u*g V 1 

.AAjLal djI^J^L 

(Jj tAjjjJaxll CjUjAaII AjjAn* 11 Alol^ll PODA CjI jJ-a2jJ (Jj£j V 

jl tc2jj^iLai jl (Jj-q iAjjl2l ^aLa^Vl ^-3 -la^3 

^ JX^\ A22S ^jjal^JJ tAj/A >11 AlalLaJI ^ CjV Aiu^ (Jl^2j ^j£3 j . ciij jALuJ ^jljjLO 

. Luj^-oLq 1 UtiVi AjjjJnxil djLuXd! 

^Jl Ai^iJI A_>^p p-PODA CIjI^iajI ^2 AAjIj^^II A-iL-aj-2! 
.a2>.L>.^31 1 q\W -n ^A AjuLoJ! aJjUII CjI ^^* 2^21 1.^.3^. ^ jjAl jj j ^ ^10 22 Scm 1 

^ic. • 440 K dll>.^p .Aic- AjJjUi A_iL - aj-o (j^lj 

.IgJ aAVAi^q 2 j-o jl diU jj&kU A-^jLq 2 j-aj I^jjLjoiLj IAjIj^)^ aL^ j* PODA cIjIjj-gj ] ^ 

* 

l 212 . A_jj^x^ra A_2*-a^-Q tAlslj c — PODA ^ 


V]j 10 Scm 1 ^uL-aj-all UJ^ u' c . ,- >J 
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Ciljlc. PODA AajaC.1 l$A±1j . C lUj lA"lll (JaxAaJ 

35 *•••• i 

. 4jj\ n n»l 

H 3 C+ X 
N— N 'N— Nl' 

"”Ar — ^ — Ar — ^ — Ar*”'”' 


O 


Ar= (jJjji 


HoO, H + 


N— N O CH 3 O 

// \\ II I II 

^Ar — ^ ^ — Ar — C— N — N — O 


'O' 


I 

H 


JjjLjluAjj Jj jl jAjA 

jjjIjAjA Jau a -N \ JjjljjLaiSji (jaLuS-p liljlAaJI Ajjjj a j .u B Jc-IL :(8-10) 


ulAuIaj . 4.10 


LiUiVl . 1 . 4.10 


Aijl jAia JAui-N Jj jU^LoiSjl jA\;c-p jja CjI jaaJ _jJI 

jA\ A-lL (8“ 10) jUi-G_j -l>ul 

djI^Uaj (J!Lg ^Axu]I ^LgjAVI 4£j-g^)-a]I i > ih'i 

* 

C 1 Vi Ja^^Lo i^\ 4.C- j) ^J-V V .^jljllyJt 

J> 

^u 3 \jj . I^AaaaaI aIajI j! dji^jLiaVI aIajI djI^jLla^l 3 |^a ( ^a 1I Jaj^jAll 

Jaa <j j 3 j ]1 JaI jC- c. I -I Ml Ja-ilj C1 jI^Iaja]I djI^LIal ^3 l^jl^l ^3 3 I^a]I e3A 

. ( 3jaVIa3jp jj\;\;3 -p) jj jjaa!_jJj i jVjillj t4.j->l^. jll i_jL]YI 


£.0 ^gJtllL liljJjalA JAaa] JjAJ I^J3 (_g^)AA 4 (JaAA i}jt. BJJJJjAJ c_sLJYI j*A V: 

A ■ ■• j ^_3 ^ ^a! jV 1 jl jaaa ^3 lUjIALa ^ ^-il j J1 a3La£ jl -N ^)-a£. 

3jjl 1-»» jl A.^.aA Jc-^AJ ^JAulaII jAaa] ^>AJj 4 L_sLJI jj<~ lilliA .JL* j' AA 

. ^ <J J jLjjLoiS jV I J 
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Jj^Uj ^jc* L <a . JjiJl Jc.l_9J ajojIj 6,1a ^-GjoJ tiilll 

£-G (JjjLgJ ^ic. J-lg.^J.11 J 6 JjxJl (JJjl_J LgJ J .&lA JjiJI 
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^-g^-11 <Lq jLLg jl j-g (j -0 (j) <■ t l> j J^^j-gII Cjj^)j£JI 


AlAl 11 Aju&ty .2.4.10 

CjlajJalll ^gk (jjjjiiSI ^glc> <iiLouJI POD A cjIjj-gJ^j <LjIjj cj^)^. 

jxaJ jjll . jJI dui^£Il dsli Lila. ^ Cliljjjj^jj (Jjlij <JjooC-I U jliic-U 

4 ^1 i J t ^ * j I V! .A^ai 6 Uj IT,,^ I j! ^jlLoil ^JaJ j t LJlc. I ^)l jSjjojI Ij J)\ ^Hxu-G 

A-lllC-V Alai j-all (illj O -0 ^>*-^1 ^-Aj 6 10 3 Scm 1 ^^A 4 jjjJj^)2I 

.Nafion® 


^tlu^t .3.4.10 

.AJalj 4 j£^-g jl j-g CS^ 4 <j£-GJ ‘POD-DPE L5^ ^^11 LjIjA JLj 

jLpjl £-g ^gIxjj-g 4_^jj aIc-^11 4juLg-gJI (jsik\.'.n AjJ^ILoiVI ^A\\ ljIjA 

SJxg-g fcAj^jj-GJ Jfil^j c — al. jig’ll cii ^Lai 4 j£^)-g]I S^LgII Ctiill ^ic. '^S^ lC '-3 * l* 1 * 

AjjLj^^I! j Aj^jl^pJI ^>-al (jj • ^lijjl £-g Ajjj^a ^all 6 jLjj 

CjL^^J ^gk JaauJall dll kk\~\/s £dix-aj] l.li^ ' ^ *■'*') ^g l_i£^)-g]| ILa Jar V'l ,JaxjJ*a\\ AjjoiLo^JI j 

. 4jl£j^-g A_la_i2^-xj Sjlj^ 


9-yjal \ a j-luxail aJt .4.4.10 

a! VLaxliuil t&^)j^jjJa]L CA c." Ui.nl ^A c J j^LpLua£ jV 1 CjIaLuLg qa .I^j 

JjJaSl ^g 6^.1 j J j^jlj ^Lai£ jV 1 OJ& Ha ^ t- J*^»ll 6 ^j.^^i<g 11 Cll' J),j^ VlH ^^3 

Jij jj - c!jjj- 4)-5-( Jjlj n^j. 1 -4)-2 ^^a AjuLudll sILgII . ^ CjUj aJbUII 

i_yA PBD ^jl . dAi aJb U 6 jLg (PBD) JjJlj^^- ui ^jl"4 t 3 4 l-( l)A^ 

(jj^l (js-ikWA l_i£^)-g jA Jj (. i _jj<q J^j 

JLg. x j.i J ^j^GJj .l_Jj£11 JSL jj-gJ^j jjJ (PVK) ( Jjj4jl^ JAf 9- ^) Jj 

0j| J-g J-QJtJjaj J . AALkJa jl j-g ( ^JJ^J^IJ Jj1j 3-2) (JJjJj (JLg CjI Alx^all 
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(j-o .IxJj • ^ AjjjJaC. Aiuj-al £-q A*-g!W-g 40 ! 100 AjjoUJ PBD j PVK (j-o 

(Jjill J c Q^i] 6 o^l-L-alj ^jJ^)Lg^£11 

. (_£ ^xWc- ^Llx-a ^Ic. t^A^Vl 

(JL-aijl cilli •°'^'^ S^- C 'j <■ . l. u *0 CO Jjx^ J-GC. jIaC.1 PBD 

cc_iJjaJI I^J .o. jjJall jl^x-aj ,.1-a-U.ij i. in*n c i** il W x u\l ^L^al (Jj£j j c j^iall 

I jiA .6 jjlii-G V o^Lg AjjxgJ <LoiLoij dAjjjjSJ^U AiaUJl PBD A_nj Jajj ^1 jj^I 

J jjl jjLua£jl £a ( (J jnx^l CIl^L^Uja ) jj CjI jjaJjj <_£ j Jjl jjuJI 

cAjjoUJ^)]I Aj^JAdlj^ll aLoiLoiII ^ja l ) J j^LpLai£jV 1 S^a^)] o^aj • ^ A_njL^. 

. (jjljnq qAjluSi Jjo£ jl (J jjljjl£ Jja£ L-uLpk ^1\ 

CIjIa^j Clil j ^g.ill.waill i-4j u : l\\W Aljli CjI^j-g jjja <— iu-aj 

' n * f 

(j-aj 4_ii. Jj tj^-aJ .(2-10) ^9 ^jjja ^lllax-aVl • A-al-iLo c4j\j^)£1 

aJjLaIg _jjo Clili SjIa cillij oj ] ja c^JL-aJ iA \\ >Tn aIIaxj jl o^gLIIj Ia.1ia^j 

.^UxJI 

£A A^^JjoA 0^)aL A-iI-ILg J J^jLal£ j\ £A (Jjn^ll dll ^)JA^jjA 0 ^)aL (j^AJ 

cJdaf C5 jo^j1lg( Jda J ; m9-4)]-4-5- -2 .PVK Jla ^ j±!\ dl jjajjja 

L5 -^j^( J ; m9-4)]-4-5-( Jjjjj-c1ijj- 4)-2 j Jjj^l^J-404- 

^G^]| AW /till (Jaj ^)ja£ -l^,jJ AflJ^Ja]! 6.^gJ . 4^ j ^ic. ^J-IaI (Jj^ldLal£jl ~4 fc 3 4 1“ 

^Ja AjuojIajlq A^jjjuLg CIjI^j-gJ^j a£^Jjolg]I o^-oLJI AjLgc. ^Joju . dal ^jj-gJ J jll AlnjL^Jl 
Aijli CjI W kl\W (JSj ^jxalj^. ^aJ ^j-G j c d A jgll ^j-g ^ V\Jra ^ cAjjI 1 A-i^.Llll 

iAjLSj^-G a£jHJI cIjI^lgJ^II JliliVI djL^^j u^j * c — 

Jlil . o jlc> 1 (J j^jlj jLai£ jV I cIIjI j (JL-a^jV A-ijl^-Gj AjI c^LiA 

J jx>a-sVl J o^)Ax-a-G ^ 1 u^n\lj AjLol-g Aijlall Clll^i^-^j 

^ic. <_£jWj aIa^j jl LjjuouII Aj^^joi C1jIj£j-g ^lllaxxal (J ^Sa LJ 

aIgLxII ^pal .4^ (j_3^ LS^* c (J j _j\jjLoi£ jV I 


46 


CljLijjVl CIjI^jj-gj] ^21 ^j-G ^ 1 \ In x ^ni A..)a)^ cJ^^- 
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jiJ! .5.4.10 

-4‘3‘1- (jjbu^-p) cs ^ t4 j>3a*Jl 4 4U1I PODA g4j ji Alia jc. (j^«y 

sA>^ lLiU>J -Us c. 4a3>iJI -LiUc. ^ ■Uc.^ill ^Jlx. Ijjaijc. ^ UC ( (Jj jLjjUiS jl 

<Al^, y* Je. J>^]l ^ 3000°C ajc. M*4' PODA V^' c> • 2800-3000°C 
<mal > UUI Jc. J>^]! US .1.8 10 4 — 1.4 10 4 ScnT 1 JUUI ^ 

. ^ "ajClAA USajlSa^ >U jS.J ^Ujj 

AjjUall CjL&UJIj .5.10 

^LajojVI (3-10) o±hj (2-10) qi±i 

j]l AjjUoII 

Ljl^j S PODA cj| jjaiIjj ^jlc- 4 JI 4 S : (2-10) 


ClA J^^k^yLa 






( Jjjlji ..^ ji) ‘ — sLlI 


Gordono 

KHIMVOLOKNO 


Oxalon® 


£*l >41 Ji SjJ jK UjUUI :(3-10) Jj±?4l 



(j ^ujVI 

k > >1^11 

Kaneka 

Apical ® 


4 ~ ( ^ ) A> 

Dupont-Toray Co., Ltd. 

Kapton ® 


4 “ ( ) A ^ 

Shipley Company Inc. 

Multiposit ® XP-9500 


4 ” 4J>* 4^io gjGlj 

Dupont 

Mylar ® (Series) 


42 ( diVtiajj) A> 

Gordono KHIMVOLOKNO 

Oxalon® 


4 ( Jj jUjUS J ) (_iUi 

General Electric 

Ultern® 6050 


42 ( a j»u jy ) 

Ube Industries, Ltd 

Upilex® 6050 


4 “ ( ) A-*? 
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uUn .6.10 


aA ^jjai£ LS^" Aj^ia^Jj-^I dAj£^j-&il ^a*J 

.Axilla djlAiiJaj ^j-q c — flj^a.\l lAA ^^Vu»j A^-^. (j-oj . 
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JjjLjluAjj Jj jl jAjA 

jjjIjAjA Jau a -N \ JjjljjLaiSji (jaLuS-p liljlAaJI Ajjjj a j .u B Jc-IL :(8-10) 


ulAuIaj . 4.10 


LiUiVl . 1 . 4.10 


Aijl jAia JAui-N Jj jU^LoiSjl jA\;c-p jja CjI jaaJ _jJI 

jA\ A-lL (8“ 10) jUi-G_j -l>ul 

djI^Uaj (J!Lg ^Axu]I ^LgjAVI 4£j-g^)-a]I i > ih'i 

* 

C 1 Vi Ja^^Lo i^\ 4.C- j) ^J-V V .^jljllyJt 

J> 

^u 3 \jj . I^AaaaaI aIajI j! dji^jLiaVI aIajI djI^jLla^l 3 |^a ( ^a 1I Jaj^jAll 

Jaa <j j 3 j ]1 JaI jC- c. I -I Ml Ja-ilj C1 jI^Iaja]I djI^LIal ^3 l^jl^l ^3 3 I^a]I e3A 

. ( 3jaVIa3jp jj\;\;3 -p) jj jjaa!_jJj i jVjillj t4.j->l^. jll i_jL]YI 


£.0 ^gJtllL liljJjalA JAaa] JjAJ I^J3 (_g^)AA 4 (JaAA i}jt. BJJJJjAJ c_sLJYI j*A V: 

A ■ ■• j ^_3 ^ ^a! jV 1 jl jaaa ^3 lUjIALa ^ ^-il j J1 a3La£ jl -N ^)-a£. 

3jjl 1-»» jl A.^.aA Jc-^AJ ^JAulaII jAaa] ^>AJj 4 L_sLJI jj<~ lilliA .JL* j' AA 

. ^ <J J jLjjLoiS jV I J 
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^-g^-11 <Lq jLLg jl j-g (j -0 (j) <■ t l> j J^^j-gII Cjj^)j£JI 


AlAl 11 Aju&ty .2.4.10 

CjlajJalll ^gk (jjjjiiSI ^glc> <iiLouJI POD A cjIjj-gJ^j <LjIjj cj^)^. 

jxaJ jjll . jJI dui^£Il dsli Lila. ^ Cliljjjj^jj (Jjlij <JjooC-I U jliic-U 

4 ^1 i J t ^ * j I V! .A^ai 6 Uj IT,,^ I j! ^jlLoil ^JaJ j t LJlc. I ^)l jSjjojI Ij J)\ ^Hxu-G 

A-lllC-V Alai j-all (illj O -0 ^>*-^1 ^-Aj 6 10 3 Scm 1 ^^A 4 jjjJj^)2I 

.Nafion® 


^tlu^t .3.4.10 

.AJalj 4 j£^-g jl j-g CS^ 4 <j£-GJ ‘POD-DPE L5^ ^^11 LjIjA JLj 

jLpjl £-g ^gIxjj-g 4_^jj aIc-^11 4juLg-gJI (jsik\.'.n AjJ^ILoiVI ^A\\ ljIjA 

SJxg-g fcAj^jj-GJ Jfil^j c — al. jig’ll cii ^Lai 4 j£^)-g]I S^LgII Ctiill ^ic. '^S^ lC '-3 * l* 1 * 

AjjLj^^I! j Aj^jl^pJI ^>-al (jj • ^lijjl £-g Ajjj^a ^all 6 jLjj 

CjL^^J ^gk JaauJall dll kk\~\/s £dix-aj] l.li^ ' ^ *■'*') ^g l_i£^)-g]| ILa Jar V'l ,JaxjJ*a\\ AjjoiLo^JI j 

. 4jl£j^-g A_la_i2^-xj Sjlj^ 


9-yjal \ a j-luxail aJt .4.4.10 

a! VLaxliuil t&^)j^jjJa]L CA c." Ui.nl ^A c J j^LpLua£ jV 1 CjIaLuLg qa .I^j 

JjJaSl ^g 6^.1 j J j^jlj ^Lai£ jV 1 OJ& Ha ^ t- J*^»ll 6 ^j.^^i<g 11 Cll' J),j^ VlH ^^3 

Jij jj - c!jjj- 4)-5-( Jjlj n^j. 1 -4)-2 ^^a AjuLudll sILgII . ^ CjUj aJbUII 

i_yA PBD ^jl . dAi aJb U 6 jLg (PBD) JjJlj^^- ui ^jl"4 t 3 4 l-( l)A^ 

(jj^l (js-ikWA l_i£^)-g jA Jj (. i _jj<q J^j 

JLg. x j.i J ^j^GJj .l_Jj£11 JSL jj-gJ^j jjJ (PVK) ( Jjj4jl^ JAf 9- ^) Jj 

0j| J-g J-QJtJjaj J . AALkJa jl j-g ( ^JJ^J^IJ Jj1j 3-2) (JJjJj (JLg CjI Alx^all 
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(j-o .IxJj • ^ AjjjJaC. Aiuj-al £-q A*-g!W-g 40 ! 100 AjjoUJ PBD j PVK (j-o 

(Jjill J c Q^i] 6 o^l-L-alj ^jJ^)Lg^£11 

. (_£ ^xWc- ^Llx-a ^Ic. t^A^Vl 

(JL-aijl cilli •°'^'^ S^- C 'j <■ . l. u *0 CO Jjx^ J-GC. jIaC.1 PBD 

cc_iJjaJI I^J .o. jjJall jl^x-aj ,.1-a-U.ij i. in*n c i** il W x u\l ^L^al (Jj£j j c j^iall 

I jiA .6 jjlii-G V o^Lg AjjxgJ <LoiLoij dAjjjjSJ^U AiaUJl PBD A_nj Jajj ^1 jj^I 

J jjl jjLua£jl £a ( (J jnx^l CIl^L^Uja ) jj CjI jjaJjj <_£ j Jjl jjuJI 

cAjjoUJ^)]I Aj^JAdlj^ll aLoiLoiII ^ja l ) J j^LpLai£jV 1 S^a^)] o^aj • ^ A_njL^. 

. (jjljnq qAjluSi Jjo£ jl (J jjljjl£ Jja£ L-uLpk ^1\ 

CIjIa^j Clil j ^g.ill.waill i-4j u : l\\W Aljli CjI^j-g jjja <— iu-aj 

' n * f 

(j-aj 4_ii. Jj tj^-aJ .(2-10) ^9 ^jjja ^lllax-aVl • A-al-iLo c4j\j^)£1 

aJjLaIg _jjo Clili SjIa cillij oj ] ja c^JL-aJ iA \\ >Tn aIIaxj jl o^gLIIj Ia.1ia^j 

.^UxJI 

£A A^^JjoA 0^)aL A-iI-ILg J J^jLal£ j\ £A (Jjn^ll dll ^)JA^jjA 0 ^)aL (j^AJ 

cJdaf C5 jo^j1lg( Jda J ; m9-4)]-4-5- -2 .PVK Jla ^ j±!\ dl jjajjja 

L5 -^j^( J ; m9-4)]-4-5-( Jjjjj-c1ijj- 4)-2 j Jjj^l^J-404- 

^G^]| AW /till (Jaj ^)ja£ -l^,jJ AflJ^Ja]! 6.^gJ . 4^ j ^ic. ^J-IaI (Jj^ldLal£jl ~4 fc 3 4 1“ 

^Ja AjuojIajlq A^jjjuLg CIjI^j-gJ^j a£^Jjolg]I o^-oLJI AjLgc. ^Joju . dal ^jj-gJ J jll AlnjL^Jl 
Aijli CjI W kl\W (JSj ^jxalj^. ^aJ ^j-G j c d A jgll ^j-g ^ V\Jra ^ cAjjI 1 A-i^.Llll 

iAjLSj^-G a£jHJI cIjI^lgJ^II JliliVI djL^^j u^j * c — 

Jlil . o jlc> 1 (J j^jlj jLai£ jV I cIIjI j (JL-a^jV A-ijl^-Gj AjI c^LiA 

J jx>a-sVl J o^)Ax-a-G ^ 1 u^n\lj AjLol-g Aijlall Clll^i^-^j 

^ic. <_£jWj aIa^j jl LjjuouII Aj^^joi C1jIj£j-g ^lllaxxal (J ^Sa LJ 

aIgLxII ^pal .4^ (j_3^ LS^* c (J j _j\jjLoi£ jV I 
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jiJ! .5.4.10 

-4‘3‘1- (jjbu^-p) cs ^ t4 j>3a*Jl 4 4U1I PODA g4j ji Alia jc. (j^«y 

sA>^ lLiU>J -Us c. 4a3>iJI -LiUc. ^ ■Uc.^ill ^Jlx. Ijjaijc. ^ UC ( (Jj jLjjUiS jl 

<Al^, y* Je. J>^]l ^ 3000°C ajc. M*4' PODA V^' c> • 2800-3000°C 
<mal > UUI Jc. J>^]! US .1.8 10 4 — 1.4 10 4 ScnT 1 JUUI ^ 

. ^ "ajClAA USajlSa^ >U jS.J ^Ujj 

AjjUall CjL&UJIj .5.10 

^LajojVI (3-10) o±hj (2-10) qi±i 

j]l AjjUoII 

Ljl^j S PODA cj| jjaiIjj ^jlc- 4 JI 4 S : (2-10) 


ClA J^^k^yLa 






( Jjjlji ..^ ji) ‘ — sLlI 


Gordono 

KHIMVOLOKNO 


Oxalon® 


£*l >41 Ji SjJ jK UjUUI :(3-10) Jj±?4l 



(j ^ujVI 

k > >1^11 

Kaneka 

Apical ® 


4 ~ ( ^ ) A> 

Dupont-Toray Co., Ltd. 

Kapton ® 


4 “ ( ) A ^ 

Shipley Company Inc. 

Multiposit ® XP-9500 


4 ” 4J>* 4^io gjGlj 

Dupont 

Mylar ® (Series) 


42 ( diVtiajj) A> 

Gordono KHIMVOLOKNO 

Oxalon® 


4 ( Jj jUjUS J ) (_iUi 

General Electric 

Ultern® 6050 


42 ( a j»u jy ) 

Ube Industries, Ltd 

Upilex® 6050 


4 “ ( ) A-*? 
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1 liSiLimSjjjS jjJUj (jjJUij ^ ^k i_ul jdlt :(1-11) JjaAI 


[ppm] \ Aldll 

a_djdl 

140 


676 

^l\x.lA 

130 


5590 



( (jJjjj'VI diYAai) Jja jjd dl (jj^Uail daai ^LAI 2,6-NDA (JA*AJ I^j 
4_Ac. a Alii l_i1I jail * Uln jji ,j£^uj .AAA Li jLo gjUll PEN ja«Jjj jl£ t (PEN) 

^ A- (J j^^adl L 0 ^ 1 j .jdittll dc-jl j*a ^Jiaij 4^Aidl dalid j-dail ^d (_£AjJ Aa All call 

aAVi dAxAol Jja ^LAI 2,6-NDA 4_ilii ^*yj dllc. dc. _p t— it j PEN dil jaA ja 

. 6 PEN ju^dil tpLLjl 

^Adl ^jAI jliilla ^Audl t (J jjAjdl £-a dj All 2,6-NDA 4 ;aTi (jAiJ 
^AlA jJUaj-6‘2- J Alo (JaAV j (NDC) did .udjajS LS jIA j 2Aai-6‘2- JiA 

.clALivAjjjS 

jl Jjj3 dd. a All ^gS j»LAI ojLttll jl-a.a'k (_jlc. (_gjd! 4_aaij djjla Jdidl 

^gi dua. i A ..1 4 jj'iN j* i ViK"' Sjjjjjoi ^j| VJ .lAjlii SaIc-I tdAa. diA 

^AIaII ^gll (Jjj^ajil diA dajldi 4-A j-ci ^jA A tAAaii j; jA ji-* jdl 3 ^-1 jV I 4_Ajdl 

• 6 (jr^Vl csA jAI jjjll C$A 

(jLiic. Alii djAVI ^.jl-ac. «.A!ii 4AiAll djAjjdl ^jdl AadAll ^-iljj dlAi 
jjAaAd dill jAaJ dill . dllud jj jAll ^_l’d dll jAil jn (jl jaA (JAoil j j-3 A 1 

<JA tdaliad a dl » ^ dl jjA jjAali Ac. jA« ajAla ^Idll dAX jjjSII ^jIA Jajl 

dAX Jjj£l| ^gjLiii jjAaa^ dlljAl ^LaA dill A*1 j£Aj . dlALdll 4_dlitdl jl ‘djA^ll 

. ^ jAdjall 0dl j ^AiV a jAVA a jdlil 

l^lldAl ajlc-A ajAoVI dll ji j)Ai d^idAidl adljdll (JAaAuI jAu 
jjx Alld aAkdl A.jAc al jd did A^Sxa ieAadl dl jj*-» dn. eAadVI i_lc.lA 


.AlAiAudl (JjjVI diA jijS jjAi^J ^ jjall 
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j SjaIJ! .2.11 

AiLjaj dll S^aLA SJjAaJl j AjJLil&ili CIjI j^JjoAI (Pcing) ^a^xlLoil JiiLI 

^JJC. I. inK'ill I S^jaLU AjAliSill Jjjl jlall J^u . “ till (j^s 1- A*-ill li& (J^al _ja Jl 

S^)1uLia 1I ajltoYI Jlja (jC- tJjJl 1 - '' . ^ J ■* A-“ Jl±i JlttV Ajilliiil ajlttVI 

tlll^La^AAijVI Ail J)l llllla a j ai^o Jjja . (_Jll tllliS^a A-o Ajjlju ^jlaLoaV 

Jc. -IoJxj Jjjja tllliA Jttu Lo Jj AiLlal -i jjl£liU a^alJI a-liil -jjli j]| AiiisJI 
Jl jjaJ Jj^?’ (jjj t — till jjJ jj Jl Aislail till jj^s _ jiJjYI Jjjaj 

. tlAsiaJI Jij a__JJI 


(c^LLVI^VUi:) ^ .1.2.11 


Qiilak^o <_£ A (Jc-lid IjjUj ^jJaak.) jA j . ^ 1948 ^lc« & J-a (Jj^ PEN <- Qj^aj ^£1 

•O* UJ^ 

^Ac- (J^A^ra?k\l (J \1 j t j£ ^jIjj (j ; llliiij-6 i 2 q^xa^. ^jJJ SjJjoiI .1 

UJJ^' (J-^dia [g jdJ L _£ ja 

^Ajj-q PEN j±aAji ( ^ 5 ic. l! j-^a^Al L__fljl£illlj S^-aL Jc.lij .2 

•g-AG^ 1 ' ujj 1 ' 

^Ijia. 1 i (Jjj-Lall ^jIjj jAjojJ (J^*-**^ dc- . A.x^k.'h ^ycxA^W j! NDC (JLoJtdail Lai 
180-260 O C Sjlj^. *^ c ' ' A!aLx^j ^ni-iAll dL^ld jl pLjjjI! dj^ld 
(jJaidixAl ojJ-adl^J (J^La jl idS^\!lkj ( (Jjjjj ^ja£jj.liA -|3) ^Ac- (J 

.^jVI SjAjujVI 4A^.J-a £.ljjl 1 Jj^'Q V t ^ax^.ll (JL&XJajA dc- 

<. V^KMIj S^aL aAjj^^AI (jl jjVI AjJaAdixJ! CIiIjAjujVI 6^)-aL 6 6jJjaiV^ du 

(Jc-Ulj 6^)1^^. dc- c j^n'N 1 AijujS jl (JA-® fi^)-aL J)Q^.>q J 

(jjjSI ^}-^y ltorr (j* lJSV (jiaiddi ,- k x. da di^jj 1 280-300°C 

• 7 ls^> J ' 


( _ s ic.l ojl^a Aa. jjL ^lollj tAjli^ail 4“nu ^3 jjJllij t~* A g\-s. 1-^11"'^' PEN (jlS lial 
t",il.ajl a lie- ^tiaj AiU c(PET) ( tllVtiijJ (jJiiJ) jj Aa3l_jAil lilli 1 jm 
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a_ulj2AI i . jjSI PEN Aaj liUiJ .PET J Aijlia liilLj c^^Ac-l 

•PEN AIijl^p.1 ^jic. diL*jjjj o^c. ^1 jjSI <_?_>?■ j -PET (j-a sJLaiSVI j 

PEN ^Ijj] Sjjjajo ij 2,6-NDA ^Lj] # jjS t^c. li^' 1 ^jiauAI ls Ac. 

^1 iil]L . ^jjaxill La^-^axJ (j-a £_iiaaalAI LLLLa diil^ ILI 

. ^ i . 2,6-NDA ^-a J-al»j]t j . 2,6-NDA a a A 'i <JiLa i^Li^^all dil jLaLI 


S jluiV! .1.1.2.11 


SjAuNI tJc-lij jjslji, (jl jS-ajj -LLjIa ajj3 ojioiY! (Jc-lij s-lgjl . _ ''Am 

.0jU 1I PEN a_Ala jg L^ a (jl JliLoll Jj;.- I g j£. <u Jc-liA gjl^p (jj^A £-a 

tPEN ^LjY ^j^UI jj^AV' ^gk Asa aisj V ej^iuNI Jc-liA (jla uiilLl 

gliail -Lie. jj ^gk I j_jA-5j t- ' ^gjll Jc-lidl! gjl^j (jj^j (jA JjUyi ' . >■ jl 

.Aju\j Ajjlaj “Laaa £J^xai]l <ALa*J ( _ s 2aaJ La ILAj 


Jla iALjjlj 0jl JJ (jJjSj tpj J ijSjlc. jJjJj'VI £-a 2,6-NDA (Jc-lij J)jSJ 

H A 

AjjC. jj I j jA Sj jLaSJI a La i . ».'i'i . J jfLllc. JAj) ^jALj alll .la. j j-aaj 4j jjjl djl JJA jl 

-4jlr, (jill PEN JJ^sL j2 ‘A 'll ALI j 


<jLaC. aljaJ j^aJ slgijjSj aLLAI ijJjjj'VI ^LLL dil-laj (JjIAj aj-lgjj 

(JjfLiic. (jjLjj'VI £-a 2,6-NDA a ViK; t^jVl ^laj^AI (ji .(jiila^a ( _ s Jc. a_ajl£j]| 
oAa! 250 °C lOkpCITl “ OJ^S CjjjVl <_j-a ^ allaj j^a-a ^ a LAI 

# * f 

jlnJl . ^)L1 a]| ^lUIaII qa JjLJI j ^-aII . (JJJC.Luj 

^jjaaa -6- ^-2 tNDA 


jI^Ia ^-U i£ Jjjj )- (_> jJ ^“6 6 2 


Ljajl (Jj (J-^ Jgjt.xJo ^3 Ijj 

A-2k^).^..^.ll L_ul ^ NDA L_uljjaJl CA£ i 

. CjI jjjaij jitJ jVI 4 (J jSjIc. (jJjjVt (j-o l ! ^ <Lli 
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4^aLk3l 2,6-NDA 4C1 jI.iiaj3'vU ^LgjoJI Lu5L&j 4(_5^>k.l 1 >. >>jl j 

iX A 

^Lo (JjlskxQ ^gk 4j.liAj3Vl Cli Vnxil (J^j 4 4j«1iAj3I CIiLoIaJo ^Jaxlil C nqLti ^a (Jc-Isjj q\ 

• 6 J^ 

jl j-<JI £ja 6^a1xaa 4j.1xj 1^j3 4<3jJj <jj|^a,J ^I_jj3I <_£^)o. -^3 J 

y y •* s i**.. 

6^)J_JJjalll . O^JJjojVI Ai^.^)-Q £J^)jojj 3 £.L<JI ^j-Q V (J ^j-0 ^jJaO-G <l£3j * AIcA.9l1j&31 

• iax.jJa.il ClioJ ^llo. A.'i'NxQxq 

LiSl^b S jaLII .2.1.2.11 


6_jJjoi 1 Aii^^il ^“sxilj <a‘41u 31 S^j^djuj ^ja ^x^^jjoixil _j\ fixil gr-Luil S^jjlujI 

.^cjIa31 c.L<J 1 j-ilaa'i Cilia. c260 — 290°C Jjc- J jflilc. jjlnjVlj AisLjaj 


^jjjuJ 2jjj| j^).liA -2 ^-o_j (j-® £.La 31 <ij,‘WxQ qj£j (_ 5 -^ 4_nj\_ail dj^ic.\id31 

CIl^Lo. Cliaj lla.V (Jc-liil ^jl .Ai]JLo jlmi (Jins _>0 xml 4113.11^31 

CJ^Lk J t ^a jjjLo^oJI Jjjaik jl Jlo 4 ^a jjjLo^ail CAj&_ja ^A 4iuiIia 31 dll jq^k.ail . JjA j3V 1 

. dlLal jAll (JjJAxO ^JJA±U^\ Alalkjl ^j^Ul ^JA 4 j f\ Jli) ^1 4 ^AAX_1a 31 d!)Lk^ 4£.ljjja3l 

(JjjftVlil 4_a^jJ (Jj^. t AicVjtil A.a.j^a.11 j 4diHj ^IxlV.J J^3 jjLk-a-o ci3LlA .lajJ (j^3j 

^3 4 jj^YiVl ^ic. 4 _xjj1jjj-a 31 dl J) l < aa.xail 4^333 ^3 Laj ,a!M ^jjLx-a 31 (JLaxILuil j 4^jjLx-a31j 


10 


Aijljx31 j! j^13 Aj^)j^j1^21 4 ojl»Ml 2 I y& 


JUU! .3.1.2.11 


4lalj lg.Ax.A,Ja ^3 ^^^A 4 6^)lg..j^a31 ^)^3a ^3 S^aLJIj 4.rClLall PEN J PET dl^J-aJ^ (j! 

<SLaJl {ja jl A2a.La.^3l SJLail (ja li^Uajl Hoj PEN 

QA 6^)3lj JaC- PEN _JJ-<u3^l3 (X iaxft'il ^)ili<i L^pJlJ .0^)g XxVmII 

li^Uajl PEN ^CJc- p Ja-<ilil ^yc ^Afl -0 LS^ 

(X JaxciSl ^jiil ^^Jc. J^j-aoil (J^aj (j^3j •( -5 i c 'l *^ c * x^’mII 5JLo31 ^j-q 

^ ^ ^ 11 ** •• • » 

4 Aj^jj (Jxolc- <3ljJal ^jl . 4-JaikJ-o Clili S^jlg.j^a ^j-q PEN ^AA? 
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(Jj^JmII ^3 ^)J^J (SB) ^ajJ-^jj-all Cljl j^AJ 
.lie. (JjJ^ U^-J Sjl^a. ciiL^jj Ale. SB £-0 PEN jlflj <illi j PEN 

. (3 J Ct (jJa-<u]l ^j-G PEN CjIjjL 0J^g UJ^ ClaL^^J 

^jIhI^IjlLq ^l.g..wVil Ijlas (DSC) ^ 5 JjJali!l]l ^jolaSIj o*\j*A\ cIjLiI^-Lq ^ 

Ja^j (j-o V-1 j tilli j 4 SB J j^.jj A_Jlc. ajl^)^. CjL^jJ lIl^j PEN SjjIj iS^- 1 LoAlc. 

. PEN aJIa. ^gi aA^.1 j jl^x-all A^g3j A^.1 j <_£jjL 

A_lLaJl O^liLo^Ul A_lLaJl ^j-G S^lu-G^yUI JJjouIjJI Clll^iAi] jJ SjIc. 

.1*SjJ 6^)1^)^. A^_jJ £3^)1 tilljj ^ lU^nll AJLaJI S^)-gL Jj J jj-sa^ll 

aJj£ Ix-g (JjL-aliiVi (j-o _j3.uqI^II ^jj-gj]^j Lg jl ^AaI ciiE 

. - Ajlsj^g djL^^p \.£.x.x> (JJjtlil! Lga^c- Sa^Ij A^L-a 

*Aj- L> cs^' C^j 6^)1^)^. A^_jJ (j-G ^iil-G V ^jj^JOJj LgAAC. 

a^_jj ^jl .jlillL Iaju <jl (J^a IajJj A_lli 4 7"^ ^_^.\_^.^ll aJIaHI ®Jj^ 

• T g A_^.^p ^j-G ^gic.1 20°C ^jIiIg ^c. jjLoaS jA Jjj-illl 

* fi * 

^ijj ^ia. 4 nail! dlllLaxl] ^ j^UI j^slU Lxj^au ^ ' ■ ■— ; V jiao] _ jLli (J-^-a (j^J 

l _ in ' jU'U Jjuoa ^jlc-l jjSajJj .‘UaLjaJ 30°C jlaLaj iiiE Jjja 

. liili (j-a jj£I ^*'n J^*- 1 ^ jJI 


(jJ^Lill Ojl^)^. 4ji.jJj ( 74°C IAjJ 5 r (^.U.j Jl£jl ojlj^. PET ^'Vi-aj 
jjjj La Jj PET ojl^)^. ^3 j iJJ^ ^ ■^aikla jLiill (JLx^i Jj . 95°C Iaj^S 

. 150-190°C (jJJ ^jljJJ ojl j^. CjE>.jJ Jut PET ojjij La^ac. ‘125°C 

jlg,.^»'l 4,J^Vi J d20°C lAj^2 T 0 jl ji. PEN a^'l’l.al 

Sjl ja. a*. J j Ual . 220°C J 180°C (j4j jk S Jjj . 270°C U j^i T m ^ jjL 

^_)iii]| '-a' . 5 jLlaN ^ 4 j]L^, La-lic. 140-150°C aS^ 4ajJj 


. 180-220°C (JMI ^ ^ PEN jxa2j2 1 «j CJ ^uB 


(j JJ 4.ji^^ll ojlill aSlli t"'.Wj .<Lj jluall _jJI jaj t^Loll 4.jl^C- «.ljjl 

1^)2 ^ ; ■ ■- ; ^gjll 4 J Sjl^a. A^jJ jioijl jA\ 1^43 jjLaLj 4 L.^U1 


398 



S^)-OJjauJl dJjLU Aj^L^lill s>VI jh JJ (jl ^ 1~NJ cillil . ^)lii]l Af^. JJjaul Jill 

LlxxjIj jlc.^j ciiljA . ^JJjaLi]jj]| ClAj^)£ jl Wl j)-0 LlAo 1 Ljx'xVl CIjI ^J jaLii^il 

.AjU-0-o]I fi_JjaVlj (,& jl j^JI A_iC-jVI J-IjA^J J tS^iLauJl Ckl j.jg.-.IN.Vl j-G (JL<lJ>.Ilx.tlV 1 


j< Qx^i (j -0 A-J^la_^l (Jrf'VlxO j jl (^^J-oll ^JJ«Q j <0)1^11 (J^3 Lol j ^ ) Ajl V] 

jl^xxll jl tAj^ia^JI jj£j . A_lLiLo*Jl j* (Alii ^)JC. jl A_Aj_j£]I U-J^ Aja^^-oll j^)la]l 
,^)liill Ale. AjIjj£]| jj^xxn £.LjI jl Uxi-tll ^3 aAkl vnj cLo^-o l^jtiLa \jj£-o ^jLgII 

.iAxuS AjIj^)£JI £_xAxAj c jLuIl Ajj)\1i<q\ 1 Ja j^jjudll PEN AjIj^)£ (jiaJ^JU Aki 

x s % 

j 4 4,-13 Vlx 'i> (jj£j tilli (jx 0 JUJ L-ljlaj lx j4 ■ -'"' 

4 <ixi_ixa t " N“Nt 4 j J^o s jkj CLlU^ll .ViWn (jl Jl JJ . Cjlj^SJI ^Jaatx tJ ic. 4 1.1^ "ILj 

■ l-i.V'll liLjAxll ^Ixl ' r, , ^."'V 

jlulX l,* - ~ PEN Clllj^jS ^Afj (_£^)^-J (jl 4 A.-\.qV'iX 1 B^)jal&]l (j^£j (jx Ixlx (j£xj 

^-3 AiSJ lx li&j .PEN C_i'l:j£ _i oljliB^xit s J lj>-.il eljLifijxll ..‘, jjx ^lr-i jl 

. ^ jlj" «.l£l PEN exlj__£ « jin l . 'N 


__>liill ojjjjxj jjIjj .4aj^]| Jjj 2 ^ (jjjjill Jaui^jI (jjljJ 4 a11sla!I 

^ 1c. (Jj.-x-vll (_£^ax .“'j’v . ^ (j_j3 1 1 II (j_jjj£]l AixaSjl (^jlxj <aJIxx11j 

JLs-all ^ ^ aSAi (Crystallites) d jIjJj £-* ^j^c-l Njj-« (j-« 

4 50°C (jx ji&U Jl^iiVI Sjl^)^. i n <^JIax1I . 110-170°C 

^1 ^^i.li.jll (JliijVI (_^3 JjAll ^JxaliixVI .PEN <LxC.| SjjIj t_$j^lj 
CO, Cx£ sjUj Jj CO, o^Lij (jl jj . CO, PEN «.Uxc. (j^aL-alxl 

. jl jl jjax ^ J j]l (JlSijl/l 1 J Q^N'J 4 -Lx-aJ-O-oll 

^j\jj <^JLr_xJI ^jl .A^JLlaII £-0 dll^)jlJI (JjjLj 5 ^aftl) 

i<jJai^lo Aki S^)liLo!>UI AJUJl ^ (_5^J UJ^ ,33*^ UJ^J^' 

cA A LSlI (_y^ *i.o ( Q J i'i ij ^ JLo c AjI ^LjaV I \ ^-^)xxij . ^**ll °lL/lVI 

J t Ceraflour 993™ aL£1I 0 >>k^ (aJ) ^Ajj J .Ceraflour 991™ 
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Xic. PEN t ( CjI^Ujjuj -4 c 1) J 

. Luij>4xi Lxj^joij a_*_9j^a]| 


• DSC 4-1 Ijlaj ^ 1/2 (Ji AjS J^jia CJC- jlfiSI c5 Li *^J 

JLill ^jjju . ^JaA.11 j-adllj C1 N^*-aJ jAj c^JLoskVt ^)ijlill (Jtlx-o lJ-^42 

<UV ^)Iii3l c — ■ A_L gJ (1 — 11) 



jLill sJ\j^ AJV-b jLUl J^*-<j j^c- t iluajj :(1-11) JLuJI 

ClAiLua! PEN J PET £}* 


&1 jj ^ AllljVI AjjUll ^SVlll 

^JatLJI jl jqgjlj ^S*VJJ ^Illl 6 (AG n ) 3— a J 0*^ Y*1 \ \ o^^JI S^Uailjj t (AG ) 

J5 * * 

a.^S^.q AG ^lajjojj cAjl4j^<J 1 6^)1 I djL^.^jJ A^Ialo ^3 .^)^la]l J j.1^. ^C. Aj^jaxuI^II 

A.a>i 44. ua'I C1 jL^,_j^ A^Lalx* Aj^nSI Jaxaj AG^ ^S~\.‘n cAjjjull Jix-aj 

.jjLJI <!U> 

A_ili^^JI ^jjoi^j Jl (Jxall ^U.jj C1 jL^._jJ Ale- 

Aic>^ .CljliljJaVI Ailxiaj .lie. (JlSijVI A_^,j.l I^j^jj ;PEN I 
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- “ i ^ .PEN J (jJJ j ^W\\ Cjj.la. dlL^j.1 

.^Jjl kj^jj (Jc-lij l,li2 4 . ^jjc- Ig.'iqA.^-al ClllsL^aVl 4.1j.^aV^ll dll (3^*4 


<bU-a ^LjoiI jj jEiit 4 j£j^. L q--^ j isj^r?. 141c. -(Avrami) ^ aljsi A hbm 


17 




( 1 - 11 ) 


l-</) = exp(-kt n ) 


SjLall <1 a^=»JI 

(>jl' 


<t> 

k 

t 


(_j-o IjSl kbl*-« ^ (_>uVl « 
AJlilt 4jt-U-a]E (1-11) 4 jIj£ ajlc-l ^j^oj 


In In = In k + n In t 

1-0 

• 4jjIj 4^.jJ i-'-vl La. Vic- iilE j PEN jxa4 Jlc. ^)Lj ;j£xj 

l-iuVnll <aLla Ual . 2.5 (_£ ^LuU /? (j4 £-a ^-al^sl kEbt-aJ (J.l*-a a. a~.-j j 

. ^ 250 kJ mol 1 4-ajslL 'i.}.ia_o AlAj SjI^. a" 1N1 


2uLal\ aMA\ <J S jAA I .4.1.2.11 

% - 

Ajlsj AjL*-a]I aJL^JI Aj^aL Adid j)daj t PEN La ^)Ljj (jl a*_j 

**13- . s 

*dljj ^Jl c. <a.)g."i Adaj ^A aJUJI ^a S^aIJI . " S^ajjaa £^)j_J4jui jl S.id j 

<ja dl jdal^j ^Idl U-°J » jlud^fl] jjj^l 

. aJUJI S^aLII JLaxIuL ^>34^1 (j_)^ j£] j 4 A.Ajg4'i l_ii£^)j 3I dll j 

J> 

£a (JaIxUII ^jlij L^iV o.I)4a dl^iAjljJI J^a IaJ A aJUJI ( ^a S^)a]JI _jnar3 
jlg.j^dj/l Ad ^-lajjVI AdlAJI A^ J jlll dli j Ajl4j^)a1I aIjjj^^JI jjl jjj/l dli dl^jjAJjJI 
aJUJI ^a S^aIJI ^.IjjI (_^jl^>^JI ^il^alll lij La£ .o^aLII ^UjI 

. dl ^) : )a : ),1^j]I (_j^a La] a i\*^\l 
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(■ > \ n>n cii]jj cAaEIaj (Jxlij (Jc-lidll ^ja $.3^]! (j^fLa o_jl g ksi\\ o^yAi ^3 

.AajI^aII Jjjo^^j^)£]I j^s 6 _jjjoiI !$. J>^. Jlajj Jldll (jl Aijd 

^Aj o^jjojVI ^ s jiml Jc-liij (Jc-lidll (j-o uj"^ ^ aJL^JI ^3 s^aLII 

3A3 A^ldal (Jc.lij]l (Jja 3d 4 ia 3 cl 3 LlAj .A-ALaa]! (Jjjd j^),Y)g.ll s^SJ Jlx^jill 

. jljaij (Jjliall jaj J] A.j‘i.uA,\l (Jjjdjj-iigJI 


^Si ^3 ^jJAjl^ill (Jjoi^Ljj .IqWu iA-iL-all A_JLdl ^3 doVl (JjjJall ^jjdau]! £.IajI 
aL& jjSI .^jjIxaJI A_m±dl ^^aiIIa AgA-d Ia A^j^laj ^gJb j udal jj^*‘dl ^ajoA Aajj^^. 

dal j jSlall i. nd .(33d S3 j^ja i ^SaIj ^gd. Ajjdl A_Id 3A le-d dal 3 jSIaSI 

<a£d]L dal 3 3 $aa 1I ^£di]l 3 ^aj • ^^3 doAl Aa jLLq j A_ 2 Lo>A AAdJall 

.* * 

Id .dL^JI jJLua 3lli]l (_£ •^*^ c ' j Ia1£ Laa^. 3^ J-<^ (_£jd -i-lxJ 

£31^!! dal 3 jSlftll laIaC- .jXA-a! dljj^iLo ^gjj ^)j-ia 3 VI (jAddl CjIjjS Ldd 

. ^ <LoiLja& (J3I j (_£ jSI dl^JJAjl^J 


^glill a 3! 3d! <^3.} 3AJ Addl A_Sldl ^3 AaJaa]I S^aIiSI 6^)!^)^. dad.3.} 

6 ^) 1 ^)^. A-^J^ LA33 JJ £^3^3 6^)aLJI (Jxlij A^,jJ Aa ax du S^jjaLia ^Ia 

.dL^.jj £.s*,.u PEN 3 aaa] 3 ^ (_Jj3 IaS j^dl 


3 1 yd I PEN ^jjaJ^J AiLdl aJUJI s^aLII ^3 aJaxILaaSI a 

(Jj 3 Ia] AaLaJI aJUJI ^ a JaLII J-OJ . 265 °C ^gJI JA. ^gjj (Jj-aJ J 240 °C 


aJUJI ^3 a^)A3o]l aj^)^. A-^.^)-^ (j^ - ^ tillil .AAaJj a_jl^)^. A^,jJ 




. ^ dJJJ;lJA 3 l ^A Ia^a^jJj AaLaJI 


^^)^aj did jl (JaL^. jlc. ^ja _jli aaL^II aJUJI ^3 a^Alill 

(jj^j . jaaJjiII (JjS Ia jluJ ^)ic. 1 kS\\ y"\A lisd jlxJI ( 3 ^di c** n*s j (Jc-UaII ^At.^ 

AjjSu JH JJJ^ LS^^S * Lf^ AjujlaAll 6 jjaj] J ill (Jj 3 Ia] AajAj^JI A^.j 3 ]]| 

• 0.8 dig 1 ^j cJ* ^l ^djjjjA 1 0.2 dig 1 aajLoa c40i60 

.Ax. La 24 6 (Jc.Ua]1 AaIsVI Cj*j ^jl jij 


jIjaI] aJIjI aA^-^a ^a ^sI^aaJI ;PEN (JA ^ddil ^JAi]^! (Ji3 Ia (JIaxJjaI 

Axj^jja A 2da]l A_Sldl ^3 a^A L J] tAAL-all Aildl ^3 a^Alill (Ji3 ta^l jAnll 
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AfljaiV I PEN La (JLojcLojI LaS .PEN aIULhVI A-illej 

. <Ax-aSI aJUJI S^aLlU ^pai^.1 a^^j 


dii <a < \i f_ CllUjJ didj A-iUa.ll A_llaJI ^ Aju^joj S^)aL ^jSaj 

c^Ilfua.' V I j 1 Sja ^)ia^)^x>'l ^a2a*uJI Q* iaj^jui Lj^l^a. Ai-lllA o^JIa 

20 

. jlg.j^alVI JalSj j-ll jJ Sjl^a. CjUjJ Ale. jJa 2 ^11 dl Ajm^, ^gie 
£ja (jAaia.1 S^l^a. Jl dl^ixul^ll laujjai I-Ij^jj Adftlll eAA i ^ il)*Vn 

J Jj .fiJ^A (Jll JJUJ S^ajl £A ^joiLiaII (JjjLajIIj Aj^)il]l (JUxJjojIj ^aUJI (JIaH^I 

dl^LAll Jj j : ),jJa,2kJ AjiISa] AJle SjIj^ dL^^j di^j AjUall aJUJI ( J <*j_jjoi 1 I s^aIiSI 

aAA (jl US . o J)-1 a1a a1)S.uIS.)a (j-al ja. j cA_Jle Aj&^a. Aa.jJ dl i ; ( Jj jjl (jjj A_Jle 
. dl JLajSII cilSAill j)A _la 3^1 a (JSjaJ ^aldll ^3 Aiaj Aib Jail 

jaaJJI AjoiLaA i. nd Jll cSjjjS dljjSiA jd jjujLiaII jVI £JJja1I Aj^JI ^Aaj 
(jjJd (_£^)a. Allj .AdUall aJUII ^gA oj<il(ull dl jjajI A jSjiISjaII (_ > }-al^dll ^jjAAij 
.(PBT) ((jJjjJI CjVI a3j5 ) J j^j (PA) (AiaI) JjJ JUq dl jaaJ J j Je ALjall £>A& 

dl jia-A Je ( 3 jilaj V Jill jIjaII A-iUall aJUJI J s^aLII Jaxa S-iljj ^jSaj 

dljjiLaJ j)jJjJ-p jjA 6 J)Q-k A A2 aS Afildalj iAAjLalll (Jal^-all (JA a jAajJI jl QJAjlilVI 


10 


Ajjjjll 


AjELu d^jjujl dljjjjaiA Alej ePENj PET (j-o 1 1 1 0 j!^)a . AaJjLuII dULuiVI 

jliUI JaJJJj t Aalj _jja (j-° ^gJI (J j^“lH ^gJj 0jl^j-<2l ^g.xxuJ tAdJI ( ^gA 23 (j-Q 

dljjJjaiA Ale- IaI .PET ^JalLo (Jl jUI ^gA a\I ^jUsaklll (■ ^ 'n>n PET _jJaj\ ^2 -^3^^ 

22 •* ^ ^ s i. 

• ““ JJ^' si 4*1 a ^jI^aII b .;rrt a2]jIai]| s^LaiVi (j-® (j^a^i 

cjVtiajp)^^ ^ja 1 : 1 0j| J )a a_!U aIIjIaiII SjIujVI eJelij <LujI jj 

jSij .£l JIa^U ALli Lu ^ PPTj PEN 2^l> al .PEN ^ (PPT) (cA mJI 

^a aJj^U j 300°c U^AJ 63 ) 3 ^. dU^jJ Ale Aj^I 3 ^JI A^JIxaII jl 3 . A tu “^l 

c. > Util -j^>> jj ^ja ^j^Sa A^Ij 33^ ^jLiL-aVI ^jl^jJall ^r a.Vu 

6 _JJjaiVI ^JJ ^I^IaVI ^gA ^UjjVI V . ASjldo dl^JJjaul ^jA S^lXj-sa 
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.(NMR) (_£ (jj'alnll Ajfllllax L_3_jl^j j tA-iELiill 

xuj Lo^ic. Jaia ^Loll Aj^^S LqLqj ^jl a j mull Aju!^\j (JjWi'I 

. ^ ASjIjjuLxJI A-olj A^^JjoLG dal J)\ k (j^£j l^ldo . ^)j£l jl Aiii3J 60 &-lxi 300°C 


JLaxjjujIj PEN\PET 0jl^-<J AjELuII Jc.lij ^ 

.(NEN) (JjWnVI djljUij jUj j (BEB) (jj\y\]V 1 Clalj^d jUj Ali^dj-dll CIAjS^aII 
. 24 'H-NMR NEN j BEB cm Jkul' ^ kj 

l$y^- J .Ajjliill 4jjjkl ya U_jjla ^ y j ^gJLaa.V I 43 EIjj]I Sj^jjNI Jc-lij (jt A=».j Jsl 
(jjlljij-2 Clllj^lj-1 ya A2all2»-Q <LoAjoj 2JJ^ ' ‘*V 4jElkl S^luNI 4kg^k. ya 
- 4 IrJ. q"' ^’1 jl ^21 ys Lil^-Q k dlLui^] ^oik2l (Jc.li!i]l yz (_j£ j .(BEN) Jj '_ (y ) 
ijc-lkl ^3 4 N1 Jill jl ok ya Ig.^'l 42] i_ba2]l ' V- /j^jl ^2il ^ij 

. i_jjjjj]U NENj BENj BEB y> 0.25 : 0.50 : 0.25 LyjSj <!» 4^2121 lilijj 


4jU£ t jkuj . A2jjjj£]l £-a*jou]Ij 


: La£ tLiKjoi 42Elii]l SjluiVl (Jc-lij 


(2-11) -NEN- + -TET ^ -NET- + -TEN- 

.CjVljij s^j Nj sa^.j LS & Tj t (J jSjIc. (jjLliV^ S-i ^. j l ^&i E Ua 


ia + b = 1 b j a TET j NEN lLiI-i^j] c- aJ) 421 jk i_Luii]| C2l£ 13! 

(Jc-lij i2jj-la. ijuJlic. tNET iiijj22<i]l ya 22] jk 4jjaii]l Xj 

;^llj]| (Jc.li!i)l 422^^. y ^j'l3 k t4jjl!i]l ya yjfi^C. 

/7v 

(3-11) — -k l {a-x)(b-x)-k 2 x 2 

dt 

^^^*2)1 j k = k { = k 2 • x = x e j dx / dt = 0 Oj£j -^c. 

t Ajt. Us-i I_s^ c ’ clA^ (3-11) 4El*-a]l 

Ax 

(4-11) = k (x e -x) 

dt 

> 

(4-11) aLqI^-q ^aJ Ajjoij T — xj CL 

l Aultlll (^£' l) 
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(5-11) 


b 


In 


b — r 


= kt 


■ ij W' I A^ ;j iNMR V Am V 4'~i JLaxHuU Aliljliill ojaaVI (_£Aa ■ wl (j^Aj 
■ t <1Vaj —In [_(b — r)/r] AjljAxi k — k t —k 1 aIuIjaII 

La l-AAj t0jl j-all (jx aa1aj£jj AJIa. 4, i3t-> 4a51c. i _ s lc. /Jj.-a-vII lS 

Alul jaII ^^Ic. “Oao! Aai J . <aJL* 3 “UiajjLall (Jc.li!ill 4 a]( (jl jAaA 

300°C .Vic. NDA 1 <aiii_o 4 a aj 421 ja l-aa 411a. ^ I^aIc. (Jja-ja.11 

.(2-11) JjAaJI 


^ 300°C Ale > jIluVI Jclij 42$ ja, dul jj :(2-ll) JjAall 


k /[ min '] 

c-A^ll Aid- NDA. (j-a Aulj-all A n*nll 

0.08 

03.2 

0.07 

13.6 

0.05 

31.2 

0.08 

56.3 

0.11 

78.2 


Ca 12 310°C iiej . 0.050 min -1 4£ jail Ca 12 jj!; 290°C Ait 
1 ^ ^ V 4JsUa 1 ^ 1. .^'1 t." il ^11 daa Cy*j t0.141min 1 4 a£ja2I 

. 140.4 kJ mol" 1 

jjc. (jjjll ja*j Cfi- _^*i 4251 c. aIajI (_ jji, Ail .a jol 41 4 ajJ 

4JIa 21 4 a Via ^ 'i jl ja. AaLajA Ale. (jAjll £j!a£ 42jA jaII 4^ j jilt 4 a2I^)a jjjla 

r ) r I 

* A^. j A9 j . 4-iL-al! 

(6-11) M n —M n0 + kyft 

t A Ul Aic. ^ajjaII (jjjil (_£AAxll l^.i'ji.41 M n 
o-AJI A.I-jaI Aic ^ajjaII (jjjii (_£AA*]I 1^..' jAoll A/J () 

4a£ja 1I Alulii k 

u-ojj' t 
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Aic. «.! j^-Li (Arrhenius) dsUaui ( _ S A& 

: alilaiiLxil ^jAc- _' ■ -^ ^ PEN AALa. -oi Ia £& j .<^aiii_o s 


M n =1.33xl0 4 + 1.78xl0 6 xexp 


27922.83^ 

RT 


x 


ksft 


28 - 


ij\ .wA tPET AALa. ^ UAI 


M„ = L99xl0 4 + 624xl0 1(, xexp 


22800 

RT 


x 


Ut 


aSjIulaAI .2.2.11 


q jjj? xs~i ( djVl^j-co- a£j!1Aa]1 

(JliijVI 6^)1 U-3^ L5^ W 

^ jLp^l a£^)1iuia]| ciil QsihW) .PET aJI^. l_g-i.G ^ic.1 

^3 4-3 4-luij iA^jjjaLAll dll Aiaill (j-al Wi j .<^jJjjia]| dl^i-o ^ a]I 2>° 

^ PET I^Aj .PET Loi^aLq 1 UuVi td^l^^l (j-o <1 a1I 

29 •• • * 

. <al£li]l ^3 dlj^ (jj*^ dlEj cdV^ill ^JA 0^) )3t KS-l C1 iI_ 1 a£ (_jl_AXJjo)l 

^gic ( dV^j -6 fc 2 aIajI ^ juixJI a£j1uia1 I dl^ixul ^21 jid 

Ijjj^a^. A^jldJI dl jAaJ j2l .4 jj£j 4_kkj (_£«d j ^ dlii£j2l i <ajJ-a J-al£ 

dVtiij) ^ PBN 3^^ *>“ 9^ PBN Ja-oiSl (j -0 L - J ^ jl PEN J»d3l ^ja dl jjL 
4 uti'ij PBN 3*i<a ill 2)- 0 djIjjLlI PEN 3 ^<q 2I (2)-° dl^jiA^ (JUdl c* ik i . ( (jAA^.^A^ 

S^)&Ua 6^)AUaSI a^A ^-ad . “ d^iddl ^21 ^3 (J dld^o ^ja Ijj^j 1)1 ^ jld 

•isodimorphic co-crystallization^jUjVI JLill ^ jLd2l ^J2L2I jL2l 


-CO- dV^3jJ U.AA. m -4T) ^jJ 4£jl2u2l CjI c4\>>n 

Lua c^Lua 1 £jLuj (P(CT-co-CN)) ( ci)Vtij-6 4 2 o.)\)\) A uA^*^ j^^Sl^-4‘1 

CjI jx<ul j2l LqI . ^ ( Cl)Vtij-6 4 2 (2hAA J^ - CO- (jAAj ) ^ 

( CjVljaj-6 t 2 oAA^ uA^ ^gil^^^l-CO- <— \llaj -6 4 2 (jA^A ) A^jIjouJI 

* * 
l^ajA (jja. t<£jlAuAI AAj;:^!] j2t <±^jA]l Aauoj Aic. jliij V (P(EN-co-CN)) 

jjjliiix ^Uj (jjluaSA ( _gAla.-4‘l-co- eijVlAAj-6‘2 (Ay\p_^) Jjt? ASjA2wAI Cjl^yAJ^I 
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^-4‘1-co- d^Uii- 6*2 uAAa y_J j^j (P(BN-co-CN)) ( d^UAi-6‘2 

.' W . j-a l j jlijj jlg.^’il ^*a (P(HN-co-CN)) ( CiVUaj-6‘2 pjlnu <yjLii l^Iu-Aa 
P(HN- co-CN) j P(BN-co-CN) jA jidJI ojjxaJjJ *J J] ^jUI 12 a j^di 
4_Iaaj P(BN-CO-CN) (j-a <£j12l< 2I dll JjUuI _ j2l . liljoda __)Lj A _jiui (jLldu ' 

JSdJI (_£jLdla Ajlda Ijldj 4 jAjjJ 


IjLdjl P(HN-CO-CN) liljJjouill j r i-caJ adl j' < - -V'VI o jl ■‘A.jJi jljjj yJALalLj 
^jl 12 a . AjAj^j jl j ^ L* CN y>-a l £ jAAl jLd^)l £-a l^jdAui 

La lAlc-j . 34 ’ 33 Jld]l ^jldla k >la I jid P(HN-CO-CN) A jllall JJ^A jAI 

y)>i.a^ yJLa dlVdt-a £-a -Ajlda a^alj PENj PET dll j!iiaiA_jJ e^Aj yg^)di 


diljAAjj (jjjSA i(CHDM) J jjLda yALu (jLa £a LS iLi.-4‘lj (IPA) AJUajjj'yi 

djl j'L- J djVLA^jAl dll j'L~ ll L au«Vl t— fl^xa - ■ >»al yjdtdj ^ya\ dll 2 ‘A^jd-a 

.(diLLijI) dil l^jL diVLiVill 


ALiA .AAAiill o^jJxaVI ^A ‘A^jjdAI djI^jJxA ^Al 0-3^2 yL^xadl ^lAaxaaVI 
.(PECA) ( diLbjl jAm* yAA jLAa yAA.-4*l- Lw^J) y^ jUA^ 

(_y±yj (BHEA) djLLi jl ( (JjjjI <_ 5 _.Ajj.i 1 A )- (jaaj-6‘2 Lhj^ ls^ JjVI ^i^jAl 
42EIAI SjiuiVl (j-a tt_UJj 2 ]ll t(BHCA) dlLLijl -( jLAA ^'aA (Jjlus LS JJ^J j-liA )- 
<J jfAic. jAdjVI £-a (DMT) diVLAjj J ft j ■* ^lii jl diYLiii JAj-a ^Lii-6‘2 <■ . '^jA 

BHEA ^a-ijA ■ — HALL SjAA jxs PECA jj <_^a -LLA 1 aA jAI .CHDM ji 

35 

. “ ^pai^-Lo JaiuJaj Ale- BHCAj 


x . (jjT^ J^U. IPA (j-® AjLjJal j!Lq C1jIjjJjuj-q ^Ja,,u 

CjI j V A^jJjoua CjI jaaJ jj j AjjjLII IPA (j-Q C1 AjjJjou> 

* 

Ajjjoi A-ojILo a£j1AA\ CjIjIolJ jJI h3 A-i^Lj j o 

a< ^ i« 

^.Ja.ik CHDM (j-® A.jt.xJ-al jILq CliljjjjabQ ^jl Vj . A jfLljl ^Lall (j-o c^ilj J aJu^slII 


.6^\jn<Q A^^A^ -0 CIjI U- 3^ CHDM (j-o Cliljjjjai-Q Jl L>° 

^jlAx-ail (J-GjolJ djLluJajil J-Q ^3 Lsuallj 
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cJ jli] ciiU. jl i a£LqjoJI a_i]L*JI 

^j^]j (, i^ya tiilj ^)JC.j ^.Ix-ai] a^jllixua A-gjULij 4^^)jjau2l dll 

A_1.1x_a]I <£^1iAa]I chilli C)}y x ^ 

a_SL^. ^ij • ^ PET ! <ial j-<JI tillj ^j-q jV 1 tIPA JAJ 

jIjJj (PEP) ( CjI jiiUj3-7‘2- (jjlili) ) Jjjj PEN (j-o 4jjNall <Sj!lAtt]l dil 

. 3 ^ PEP ~~~ i 3 ^7° ^ ^ A •> (JlSuVI A^jJ: 

AjjlaxSI SjjjI ^j^SjjJaA <jJUj bAj£j^ .1.2.2.11 

^joi^jjAiA ^Ijj ciililjauij ci22l2Aj-6 4 2 (j-o a£j1uia1I CjI jIolJ jA\ 

cIjIjjAaII PBN j PEN (j-a Jdasl t(3-ll) ^lajl cAjj]^» 31 

* 

jl JjlSS ^5-^-3 a£^1uia 1I djI^Luulj^il ^L-alJ j 4jjl^i2l (j-al ^dll Lol . Aaj jj 

dboj ikSL^Ji ttBLJNI J\ ijkj . 38 PBN J PEN 4£3l»j ^1 Alaljb! dlls <> 

. A-ljl 2 A 1 j ijjiijjjllj idlljlAbl jLo o^ii- 0 dlbniaj AS jjA 21 dlljluiil a_i]l 

^3 A5ijllA2t djI^jAA ^ja C. j c. A j c^l '. >-< ■ A ^ Aj 

lmol Jc-Uij ( _ r u 1 £Jjj'yt jjA* c^bj jh>»A Nias . (3-11) Jj-i^JI 

■Vic. .IjJjj jj (jJiiiYI 2.1mol £-a A 2j 'J° ‘ [1 ..V (j-« 

• lilli (jc. -lljj jl ■Alall ^ 70 o jA (3.)! A) 1_SJ^ .33 j . 80-120°C 


38 tiVbiill 

Cj|jluulj4 aSjLLa Ci\j±Ajjjjt :(3-ll) 

°C jl^ajVI A_kkj 


111-110 

A JyuLjj -( JAj! -2)- 

106-105 

j j-liA -( (Jjjj] jAiA -2)- (J^ 

211-210 

Jjnqjj -( (JjjjI -2)- 

121-119 

jaj! -( a? 3^ ( cs^jaj! -2)-4)- 

181-180 

c jjiEi-( -2)-4)- (>UJ 

110-109 

H (J jilLaUJ -( (Jjjjj jAlA -2)- 

128-126 

L^JJ^-( OJ ( Lf^J4 -2)-4)- O^Ll 
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(J (JLaxJjojIj CIjI ^ All 

( (Jij jj ^Ajj^y^-6‘2 jl diVtiij ( (JAjI C5 -uo£jjjua )- u^-6‘2 j (3-11) 

Jalj - ^ (J ijfLJc. jiiiLVI <11 jY jj^-Till j t- V'K'i lillij tdiYlisi 

L WnjJ Li] j . j ^ J- ' ,V >' I Jlllljj t^lljji]! CIlvIL. JLcjlJjo j I 


clgjhlliLajl j <Ja j^JI l^Aa. jJ>ii jLtii Eua Lilij lxloj-o Uu^iji <£ ji2iall CLl jLaul _^JI 


38 


jliljYI ^-3 J,; ■ -*-»! a 41 ^Jt j Jjtll ) . <ija^)l] J * ~-»E i JjJ j-. 11 1 ^ J) 


( JM jjjI)^jj ^ULUx. .2.2.2.11 


DMT JLajtLaill (PEE) a_i3lx!i]l <ili£ ( Jiuij Jill) jj dll llal >-< ^ y- i 1 In . ■■-'I ^ .J-?*-! 
Jj^jlc. ( JLl jiliita (^Uj) iJjjJ (jUjj-4‘1 ^ <ij^£ll cjUSjaII .NDC J 
( CiYliaji Jjljlc. Jiil jJAia (Jji </4£ -1000 sj^a ujj ji 
( _gjailsll ^JaLall 2,6-NDA aj-a j . 4jl3ljd]l 4_iu]l JlJdl ^JalLall 

^Jl tJjja jli jj- 4‘1 j dilju^ji^ ^Jlii (jjltiaj-6‘2 j diYliaJi djl.ii.j ja jj^.all 

. ^cjLi]! PEE AjUalVl 4-a jUlA (jjul Vi 


4£ jIulaJI lj! jjaJjJ) .3.2.2.11 


CS^ Vjj N a' 1 AjJjlJI ^ Q**Vl CjI JJjaul <_£A jj 
^gilc> (_£jJjalA ^Jj G^lliAA djV^jj 


IPAj (TP A) (>aa^. j 2,6-NDA j JjfLik' ^ j^j 

(J-QJtJjaJjj . (Jj IjA (j-a Aaa\\ 10 (J (JLojLLojIj 

tj-° (Jc-lijll . jJjqTkX Lag.‘l4.i^lj J -lajol^jl 

t 260°C 6^)1^)^. i _ 5 ^- Ale. lajuJall Cll^Jj (J-oLk jit 

. 274-288°C J) J>^i2 ojl^pJI £-« t^c. Ax^l l 

> # 

-jjl J .(Jc.li21l __)X3 Ait Ojl^^al] ..IX; (JLiuLiialll JajA^. ^ Jtcj jjl JL ^ J -N ; 

Ia jja < — i4\3^3 .-IjjjLV lLiIjj£ ^Jl ( »2aajj ^Jl^ !-j jll 
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jjjSj .30°C die. 40\60 j jliLl jjjK yi 0.60dlg 1 

.a_aL-a1I aJLV! ^3 S^aLUj ^jj^VI jjjll SjL^J ^jS-oj clAj^SAI 

£a jlgV^Lj (jlaj'S a\ 1 _^Lall 0 a^j 1.455 gCm 3 lA_jjS AlaaA A_1 j£ J^iQ V (j^AJ 

jki 

(Ja*aj Aj^jIuuIjJI SjLaII .luj cjI^V^/Lj (jia^^A.!! _^Lall 

l^jujj-lj Aj jluul jaJ! CjLuSjjII aAL^. • jA^ul jjl C5^ (J^i Vl (jj nA a 

aAaII ^ 300/s (j-°j tajl^AI Jj 4 -iVlL 80-140°C JL^aII ^ ^jljlj ^Ua 
^A j 8 ^A!^^. is^ ^-^LIaI! Audi! A_iujj La! .Auill (Ja*a J] ajjouIIj VaI! ^3 1500/s (^j 
^Aj 2 <^11 ja. a_i*jj1Aa1! Audi! A.ujd*i°) l^-i 2 kjj j! L_il_ilV! -lAj aAU. La! . 24 ^A! 

.8 Jlj* 


cAVjIj ^a j! ^)j^tjiiJl£ cAjjUA! Lu*a jut\ j tAjAjiAll ^AuA! (J^aj 

cVjUll ^lua .Sjlg-uV Aj 1^3 Jjj!^)Aa (JLqVujIj A^^IiulaI! ClA^)j ajI^jI! _jAuu!^j 

VAjjAuia j! jaII oAA (_£jVjj . ^}i±J CljlllaJA j! ViLc-^uia AiLuIa! ^Aj aV^A! (jj-^ ^jj_j! _j)il! _j 

. ^ AiA^lV! Vl>IV A-Aa iV 


gll>fl .3.2.11 
PENj PET c> gJI>ll .1.3.2.11 


u- 0 ^>1 j lJlaL ^ d VI -cs J jaJI *hVl PET jAd j* J\ PEN aaIa.) ajJp 

.Ajj^L (J^aj V Ail ^^iau 1 a lAAj ja. lS^Vj !jLja V UJ^ VjUj^jjII 

(jA Aj^jj^jjJal! CIAjjJjolaI! ^}3^j AjV jLlJI 0-llV C0lil!j AuiIIj A_a1^-° AjlIuj aJU. ^3 
yie- 0 a aKjaa Lulajl tilljAj .6 jLaI! 0 jjj!ij ^Vjj (j-a! j cA_i^.jj1 I 

.AiliA ^)JC. Ajtiudll (Jar V ^111! aSsIjoaII 

Aj jA jVI A-^,j^lll Vlj_jl a ✓ill aALVI S^aLiI PEN\PET ^AI^a (J^aj 

(_^aa t a aJUJI 6jaL3! aJac. ^.l£! .aiajiIV! V jj ^pa,i.4Vl j! 

AjIuj AjfllitA aAIjLuII djluiVI (Ja (J>i4^.‘ia1! ^jIujaII ^ in*n .aAIjLiaI! SjIujVI (Jc-lij 

.ajjjaII aAIaI^iaI! (j-^l _^vllj .A^V^Lj a 1 ! ^AjIII! I^.'ia ^aj^jAll ^jIuaII ^Iaj ^ 
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(jjj 4jjlLall J *— -NMR AjiUJa^ 4 AT JI AjljlilS! ajluVl (j^-aj 

JlUj Jtjsj-6‘2 (JjaiA-iaiJ 4,'qWl.a'l (jjLjjVI d_l\_j JJj^y (j-o 4_Jj]l ajLiNI jl-ltu 
Jj tiljliiui jjJjj (j^ A.y'ili]! ojLi'VI tClNTajj J jfAic. (jjLliV j£ 

. JjfAic. (jjliuVlj TPAj 2,6-NDA (j-» (jj^> Ailjjaixll 


L_sjl£ill TZ (jli i4_j jl 11 4jl*-all «.Uji jl-ljj (jj jll (jl£ Lalj 

. 4 ^ l*-o jl )V- V I J LaAii,! L_Li.j 4jAlii]l SjHauVlj 

-( JnjQ alljj- Jiljj-4‘2)- j& LlyLaijill (jJ-uil Jc. Cliila AiLjal 
SjiuiVI j»Aaj (j >>A JI (Ultranox 626™) ciuimja JIT JjjjjjjjJ 
‘-"'A “'A J..'\. |i> JNj ATi ; (jl J jlAI (j-o J£ .4)1, Tl 4 JLAI J a jJ3l «.ITI AjlTlI 

• "" IAj^>T Tli JjjJI JAaVL JL (j£]j 4 4 jE 1T3! a JuNI 

PET 

A® J' A 0 Jl (BOZ) (JjjLZji-S^O-oyy-^A AilJ o]i t JlL2Uj 
jl . 43 275°C Ajc. PEN j PET J4J1 8 >-Vl L> j*. l*4jaT £ JT PENj 
jb BOZ Jj^. PENYPET Jolsfrll ^jjali aIEItJI a JuNI (Jc.Uj Ai.Vn <1LA 
Jc-liill Ajn 4iUa A<u3 JIjj Jill 168.9 kJ mol 1 ^j >.A I js>j 94.0kJmol 1 

. 44 BOZ (jjA A_uiij 


(JAx-QJ (IV) 4^JA^a]I 4aj^HI \ju& fj\ ^3 J^Ali]! 4jj 

J-qjjoij 4 JUJI ( ^3 Sj-alJI PEN j PET (j-o A-iELoHI SjouNI 

Jl 

(Jolijj .a^Ij 4j^>a ja 4a j^S PET j Jjl 4 j^>a ja 4a. jjl PEN jt3jj ^ 5 -!^ 

4jjA^aI1 4a j^il! cs^i 4_i3l£ 4 a 4 q 5 Li j (J^^.ilc. nj l_j£j-g J^a^j PETj PEN 


(j-G A^JJjaua L J-JiIiaJI 4^]jIjj]I SjJbuNI ^J^Alilj i4jjC.j-<JI 4jjl^_lll 


jIjjIaII SjL<JI JL^lail 6 4 _i1uja-<JI 4jj!^)a1I 4-qjIL<JI PET\PEN 


. jJaI-uiII JJA-a]I 


ou 


PENj J PBT c> gfl >21 .2.3.2.11 

# j 

PA 6.6 Jlj .A.jA'IAxll j^aljiJI J l u 1.1 A) PEN\PBT Jlj° l5-A 

J JLiajS iJc-lij (_gl 1 "' V .4 ..i , 'A"i^ll 4 jjjJ J| IJjJx 1 jm 4_412iA Ji£l PENj 
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aJL^. ^k (JjjILq jl V] a^JIxa .lie. PENVPBT j PENVPA 66 j* 

Jjjl JA^ (jjal JaII lilli JA J3U-a]l JA AJJJAJ J» J3VI J& PEN\PBT 0jl j-° 

gfljJ ^Ujll JU&VI Sjlj*. C:UjJ (4-11) (JjJaJI (jjjj . 47 ' 46 PEN\PA 66 

.,_^a.U.j JliiSl ojl^p. Ja.jJ -La jlVlJ I j$2ij . PENVPBT 


47 PENVPBT gfl>l <^U.jll JUStfl » Jja.CiU.jJ :(4-ll) JjJaJI 


100 

70 

60 

50 

40 

30 

0 a PEN% 


76.3 

70.0 

65.7 

65.2 

65.5 

59.2 r s /°C(PBT) 

132.6 

123.2 

123.1 

119.2 

117.4 

117.3 

r/°C(PEN) 


.Ujj AJjIaII ACjouII a 


PENjHDPE <>g3l>ll .3.3.2.11 

AJja Sjjjjjaj jjjl jill Jj^jaj A^.^lj j Ai jjxa ojLo HDPE (jj 

Ja ^laC-Vl jjoJI l^iiaj (_£ ja-J SjjjJjaill ^Aj •6-^.lj 6 jJo'N ^3 ^jj^j LS"^ 

AjjilaASI a jI^JI (j-al j^JI ja HDPE ^jajj .a^jLouJI CjIjjL^JI j Aj^juu^IjII jj jl jiill 

^-Ic- JJ^I j t Ajjl AajIIaIIj 6 £(Ja1I ^Jc. (JlLa iAjjl^jll JJjlj£]l ^ 

c jliJI j^.1^. * ^ HDPE jjjIjS ajjojLoiVI ^jjLuiaII . H 2 0 ^LaII j^.1^. 

. Aj jj^aj.11 AjatLaJI jl^ia j t Aj.^jui.9 .iill ^jja Ajljol>U a_i 1L*JI Ajjlijll j 

^_n^aj i** A jVq'i ^Jj AjIIa. ^k j£I j C')\ ilWixtll ^..lAr-k PEN j]i 6(JjliAlLjj 

(Jj 66-li^. j]l S jJaaJI dllj (JJjIIj ^illl AJ j£j PEN Jj jl jS ^Ijjj j£-*J V ij • 1 -ViWj Jj£l 
# * * 

. 1 j^VIj jJJjJa^.ll Cljlj JjoiIIj ^aJ jLJL> Aj]ja £jjjJjoi (JLaxjjojI c * \\ Wn jA 

JjaHj ^ciillj Adlja lgjt...uj ^Jjl kl\\ jii^Jlj Aj]j 5 V jl (jj^j SjjjjjoJ! &^a ^a 

jiulj] Jj (j« jjjl Jj ^UjV Jll l,g,J.J.iq'l OJJJJ^jJI !_^A OJA - jVl * 41 ojjjISII Jc. 

•PET 

!* % 

^lijl (jl VI .<fuili-o “Uiaj CjUJall oJJjtio jjjl j3 jiaj clsjLui j£j LaSj 

djjjow4l (Ji2l j AJjall 44iaj JUjUujI . ^ ilW'. . ^jl^jj^JI JLq 
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ijxu^kj <jl HDPE j PEN (j-o j-o (JLaxjjoiI ^j] .licj ^^Ac-YI j tl jj£VI 
6 (3^^ ^cAill (JLaxJjujIj <HDPE 

.S.A^.1 j 


(JLaxjjujIj jjL^j ^ j .4 _a^-g aISjuo-q (Jaaj PENj HDPE 32 ! jj ^a^c. (jl 

48 # 

^3 JuLo . Jjsljj Jllc. ‘Ciii-aJ d74jj£l (JjJa \ 0 ANJ tj -0 c4jJa^ui JJ.Q 1 

. jj jl jsl! j!* ^Ajoi *~\^\ JulU Jill < 2 j3 


PENj ctfUaj .4.3.2.11 


<5U1I J J>NI PENj (PTT) ( j2Ai* JX> cNUa J) J ja <> gSlj-ll 

a jl ‘J.j.i] jtjjJI tilNiol jA tilE ^ "'f\'. Lo . ^ CjUjSjaII Jja £_iail j JLi-a a jliL<2A 'I 
JLutiailj 4ja£jal) Uuj 7) j4“4 J) (j^aJ - 4 J jail j JxTi t(T n ) a .1^.1 j j Jliial 

• 0.57 sj-sa JU4 a-o t 50 (Gordon-Taylor) jjUj-^jJjjc. <bl*-o 


(7-11) 


T = 


W l T g ,l + kw 2 T g ,2 


Wj + £w 2 


1 4Ilj jjll h ; j 

2 <• . i^j2' -laj jjll VV 2 

1 l_jSj 411 jll JlSaaVI a jl j^. -Jj.} T 7 j 

2 L_j£j4il JliaaVI ajl T g T 

^ (Fox) (j^i£j3 ^il Jjaj (JLajLLbuV 1 4 aj2j (J jaJ 4EL*-a u2ljAj 


( 8 - 11 ) 


1 _ w 1 



w 2 


l g, 2 


(jx laAj PTT L2J'" 7il jUjjl £a ' Jjl21 jliill ajji ej! ja. -Jj.} ij^'' 


• Jail PTT 3JU J 65°C JJ Jail PEN 2JU J 180°C 
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PENj ( OjjjIw) 6* .5.3.2.11 


^JA A^^JjoLa]I dll 1^11 (Jc.li2A .PEN £-0 UisljJ-G (JJill (PS) ( 1 » *1 ) uj 

.o^)l g noil ^3* £^il PEN (j-o 4 jj1^u 1I £-o (SG) dL^ij^StiLG (Jj.1i x uj \c. j 
6 1a ^ * - d SG-g-PEN (j-a A^jjjaui ^1 Iaa (_£Jjj 

Jjsljj (J-olc- 4.i.iiaj (_£Jjj J iPS £-<* ^ njl ^JaxaSl j^lc* 4-alsV! 4^^jjd&]l dl^jjxnl ^jll 

. 52 PEN j PS g3l> ^ 


4-aSu.iI ^ j a {^ya I t4iE ^j!a£1 4.1^1, lq j c^ic-l 4-^.j^l 4 ^Ij-a11 0j1^a11 

£ja ^JlaJl j£ J)^ dll iSG til^jjjaLAll ^gjI^jII (JLaxIIuiIj 4^31 0j1^a11 .4jjo; 


^jjj.n x nil ^JaULa (J^Ja 1-^1 . ^>J* Will 4-illc. A^^Ixaa dl^jj^jl ji ^lili t di^lj^^ljj-Q (Jj, ^ntijlar 11 
^3 llb&c. cJJ-^ J ^j*-a ^ 1*^- 4 a* loxill 4£ >UI dll ^ixu]^3l ^k 

4_i^l jj]l 4_i]l_x3 ^J1 (^Jjjj l^Aj .4 jLl 3 diUaLii^jl (jjj£jj ( ^ij^ll ^)^Ja 

.PEN j PS g3 >1 


PENj (uUjjjS)^jj i^a gJl jUI .6.3.2.11 


4iLjaj jjA? PENj (PC) ( tliUjjjS) Jjjj A JjijiLuj 0j| j-a ^^Ic- (JjA^aU! (jiaJ 
<aiA-a CjIjj£jj .Ait Bj^iai-all 0jl^a)l A.J.a ^ (_ glSl . 290°C .Aic. ^j^C- AaMi. ^3 ji=>_a 

• SaA ^aal ji. lill^aJj c^jjjjJa 

<jialjj j Vi eljj Cix9 t — akj ^Jajoijll jjUI ^3 tiljlxa. a jAaJjJ ijj^j (jl 

(jjj 42El£i]l BjiioiV! alAlc-Uj *> -^/'' ^ ."''I liljlAail jjxJ j2l (jjSj jmj .AajJilall 

ijjlsll (JjIaUI JAj j AM v> . .'I tillj (_jx i lS^t l • PC j PEN 
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4^ jluiUI ul jjjuAjjJI .7.3.2.11 


;PET jilaoJjJ l "'1 V M J\ JjLiJI J)Ba.A ^aalj^j Aa jlLall JjJ 111 ^"' L ° Y .' 

Aic. A1&2V1 cALi. PEN j PET 'j^ -PEN £-« PET (j-o JLa*AJ ^ jjal 
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nJSULo Jj I La . IJsIjj i q '? > A2lc. d :J__p ,J l^jjlg.j.^ j^x. 

• JJlid A^__p W '^-'°'^JJ tl^J djLljLaJI ?. (ja jj]! dAjjii-a]l ^Jt_ia JAXJ (JLa 

jj-o ^aja J <-! LlU*^ 0 -° AjJ *■ " 1 J J JLa*dJ J Jal iS ^ilLl 
^ic. jlc. j^La. ji. diLJJil bLa jLu • 2,6-NDA j djlaol I jl-iia AiA^i cTPA 

. AiA I dAli. .2 jj j Aal£ 

tAiA^lVl dALiJ Utijl jLlj ‘cjdasl jlc- j^la. I '-2L A j2ui2 Jj 4 ) f'J' jjNn 

0jja2l ^-dadj ^aJ .A jida jJa2_jJ ja jl cPENj PET dal jAa 2 _jJ JjS La ja 0J ja (ja 

. ^ 4 j. Al 4 \\ ^ 11 J a jail Aal^J Jj 

(JAlo JLjj djVliij (J-m ^ Jlii-6‘2 ja t2j2aa]l PEN jaaaJ jdaj 

Jj j^- ujj l s-^J ‘ ( JJ2c- uAA^ t/Jj) tA# J J Jak- JaaaYlj dNLajjaj 

.jj2 A 1000 = jA 

(jj3 La ja <2all 90 4. ua'l i j_jka A_sJ. 0aja a jlg-t-a (j^C- lillL ^ij 

Ijl^)^. 4-^^p .Aac. .221 j tPEN jja A <ja3 La jja 42all ^3 10 4 . u.; j j iPET JJa )1 ^a 
JaSa . A-ljlij 120 ajA2 Aallj jajj l_ 2 Jl ■ j-v j jjala (JaxlLalaj 4 295°C Ia Jj -12 j3 
IJij (_£jaa2 Jl ja3 La jajall (_gAaa .Ajl j L» . ,1 JLjj Jj 2.5lTllTl aja3 (_jL]l L. j-n. 1I 

• 150°C IaJj “Jjj dc. 

* * .» j> * * * * * 

^aJ . jLjJ CJ jjVI JJ (JJJC.Lal oi-Q 170°C ^15^)31 j-\nO 

(5-11) .AJj-sall SJL^JI ^3 -Ic-Lui a jjjiC. ^ - 1 1 ii 'iAa 210°C 

.oLa jLa j J' 4A&jp j^a ^lAIaII 'LL ^all c-Loiiil 

djlutall jlualJI 4 jjS jj : ( 5- 11) JjAiJl 

Aaill Aa,UJI 


dig' 1 

0.835 


ppm 

11 


cm 3 rrf 2 d" 1 

9.1 

(C0 2 ) Aj^lij 

% 

9.8 

(Haze) jdA ^ 

mol-% 

9.2 

SjluiVl 


415 



(cjVUi3-6‘2uALjjjj-3‘l)^jj .4.2.11 

lASICI! .1.4.2.11 


JAlg U* (3GN) ( lL^\a^-6‘2 (jJaJ J JJ "3 4 1 ) J ^lilax^al (JJ 2kJ 

la* *■>» diad dai_a jLall aIc-Ha JjjJ cjWj^“3 i l j dali jj j£ ^alaa <jallaij-6 6 2- 

Aiui£^jj^)jj^jj ^c.laj jq^. a j & j Tyzor™ .}j^.jj (ja^jjaaall ^ja lsj^- 
. jjJaAllj JjjIIiaII Id 188°C -lie. .liajd AiAi 330 ^c- 240°C C5 ^ elc-jll <jdLi 

Sjl^^JI A^.jJ ^ijj s-lc. j Jai_dall (jdid tAajl^all Ai^.jaJI 

.AliaLjal <ij3j 30 sa« jxlkiU s__>a12I 4.j\^c- CjSjj j 90 sa« 280°C i_4) 

c201-203°c Jjc. jl^^ajl 4,3-j<n j liLi A Uj] gjlill 

dul£ j . 79°C lAjji ^ j ijl&ijl ojl^p. <166°C Iaj^S ^>1jj 
ojjiS M n (_jj.sc. 2ajoij!La 1 0.56 dig 1 Ij^J 4j 

iS jr* -^j •u.>2'- i 36000 » j-ss M w (jjjll cs-ijj ‘uj2b 22000 

• ~^(_j__>^1 *— jI jj ^-<s 3GN c1iUj£jj AjjUjjill ^j| j»<2l >- j 

laa .2.4.2.11 

# ^ 

.lie. PEN (_5^e. dal jaAll ^ja 1 21c- Aala*j ^all L y* Ac. ja-n . ai 3GN i^>iia 

jl g x^iil a J^qi 3GN w4\'iAj . ^ PET SdixaA daliaJa ^a aIIajLIujI 
PET j (264- 267° C) PEN ^ ^dll ^ ,> ^didl ^j 181-213°C 
r^j^uJI jac. Ai^c^U 79°C ^Ujll AlUk! A^jj -J Vj <(250-256°C) 
ai^SU 70°C) PET ciliil a^Js jil ^ ,a^ jail Allall AadeVI ^ 94°C j 

. ( Aa^. jail AAlall Aadc.!>U 80° C ^11 j^.j t^jd-dll jac. 
Aa A Via, II ^cjI^aII j A^ju^ia'I dal jaAal jail j 3GN ja^aljJ a\j>>i^'I Aa^.jall 6 jl j^. A-^-j^ 

u liAj <90-115°C PET jaxaljj AldoiJI Aa^jall S Jj* 111 .9Q-135°C ^ 
• PET d^^l __^1 Aal!dVI Aajl^pJI Auill Ja j^>d d±dj jj^-aII ^^ll 1 g J> j3 3GN Aa^. ja 

^jjjj.aLq j^J JISSj' 6 jl^)^. A_^.jJ PEN dllaAJ ^^)dl Aa^.la q aj 

jAj iAa^jall A-olall AajoC.VI 140° C j co Jjdauill ^ie. AjjaiC^U 113 — 125° C ^-1! j^- 

. 120 — 150° C Jl ja. ^g-lc-i Aa^kja Sjl J*. dal^.jJ <. < \\ W\) ^ Qa 


416 



CjISUjo! 4j>-aLaJI e> JA cdjLa^laJI aJ-lxIixJI PET\PEN aSL^. ^3 

i > nun tA^^. j-all PET Aa Ja\ Aa.ix.jJa AxijULgj tA-iSlijui]l ^3 ^aJej cAjjLolLo 

.^Ic.1 J1 jL^.jJ Jic. PET .Iuj *U5I A-ixjjaj 

3GN i41ixn T Jlajjl 6^)1^)^. A^._jJ a£!>Ij-gI S^Lo Jl A3Lja] 

(JSI 3GN Aa Ja Jj tilE -PEN JfJ (Jjx-Q ^j-Q Uajl j& (jJai^ixa Jjj (J-lx_xi 

6(j£nl! jl ^tilll Aj] jL AxJj-a-<2l ^luill ^3 3GN A^ila ASslLai ^jjai^j ^3 I4 a ^^.yuj cl Jjj 
SJJxHaII ^gJuSU Aj_jILq cilljj <PET £-° (Jjua^-aSI Jjlj-a alVI aJI (jl 1 > >ijl j)£-aJj 
cS^IHa-g (_^lj^. 3GN Lo ^Jc. OJSIC' .PENj PET (j-o JJt ailall 

. cIjIjjL^JI j PET Ajjoic. 1 o J^La. A a Ja A*i4juaj ,\\k* ^Jj (j-o 


A^k.j-<s y^t> C1j\ qilall SJJxHa AjjoiC- ! Je (Jj)fcja j s\l j£-aJ . A ^ \^a]| JJC- ^JaC-VI 

SJJxHa AjJlel JAJG (j£-aJ cAL-Ij A^jJaJj PETj 3GN qa Jlila,Jai liljJjuuJI Jnllj 

(^^Lu^VI (JLftxHuiVlj jl caJ^aJI (JLxixJjojIj a^-JLuixa Jlij-a (j.nla‘1 Jlalaila'I 

^jl.a^all (j,) Jan Aaj Ja (JLojtJjail 1 o^ajl (j^-oJ • Alj^a.a.ixJI djlilA LSI <L^V cjliLl 

ClaL^^p Ale- A-lile^l JllU.Ja Jax.xJa jja (je uJjlaj)a\l qAAxILq AjJoel (jjj^il JaxjJallj 

^jjafc-uulLl dll ^iajJaSI c. aja*d Loj-ae Adle-VI j)jj£j (Jj 3 .Axij^-o JaauJa j S 

jl c$.^dJI Jli^j <JlEj c JJI A^,_jJ £y* AjJ-g diL^,_jJ (jj * a An ^j>aaAl Uj^ j\ 

5^3 *" ^ ^ j* 

. UjLj Jai/nl Ig^l Jkl Jxj Ae^jjaij AjdeVI .J-cLk _jle J y^-yf 


CIjI _J (jilj ^3 LftJ C JIj' V LxiXJjal' V \ (j-o JjJxil ^3 A^-^. yol\ AjjalC-Vl -li4j 

(JJjSjJ IaJjoi Lx^ CJJjl j4ll (Jlxi C(Jl£jaiVI Jj! j ^LaJI JOIJ J 

^ /^\ ^ ^ f 

(Jj^joliI L_jjallj-Q 10 mil Aj^LxUjj £ Luie ^lilxi3 C JlixJI (Jj n» ^1*^ • A^ jiljabQ A^^.^xi AjjalC. I 
l^SLu- cs - ^ o^-^j ^ ^ lmil a^Lgjoj l_jI jSI 


. lOOmil I^Ujuj A-ijie' ^ lOmil 


.(^.jlJI) I jIaaLa 0.0254 ^jLaijj (jijVl a>-o t—klVlj c j^- jA 1 mil ^ ^ 
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JJC. A_lli£.l Axlj 4 ^-n, J ^ Clala.ila.il aAAxliA Aj'iC.1 ^jjjJaaj jS-aJ . A ^ J^aII Aj-uiC-VI 


Jc> <_£A^aC- alallj jl AjVI A^a. Jjj aLalllj Hj g- LJlarll Axl jS-aJ . A. 1 Ax.ua Aja^ 
aj 2 uc.VI Ajo) (_£^)a J . Aalj ^Jj^xA (jMj Aaj-o g-Lic* ( Jc« iJjx^all C^Illj i^-lVI A^a. 

.aSV! A^a Jc. aIV! A^-a. Jj ^jj^-aII ^JAj! lg..iajj A^_aj-<ill 


alalVI-j a2u till! Jj 4 a 1V! aLaillj V jl CjoJIj 4 LiluAjaij J j aUI g.l^a.1 jS-aj 

(Jj 3 . Aa! j jl ^a I_x_a jjALaj^l-J Cjuill g.!^)aj LxJaj! jS-aJ (JjIaaIIjj . JjLxaI! ( Jc> (_£A^ajl1! 

Ajui (JjCaSJj .90 — 115°C Jlj^. Jfcj Axlll aj^>a Jj A-l xiuC -V I jjA m"l (_£^)aJ AjoJI 
4alall J£ ^Jj t Axil! Ja g-UliJI JJa ^jjl Jj jjj^o Jlja. jj^j^a- 0 ^a Ajlc-VI 

.a Ala Ajjljjja (_j-sa! ja.j J)~s.a CIjII Ajaj-a aJuC .1 ^Jc. (J^x-saa Jl fcSllij 


qa Aj jSaII j IS >1* Aa JJI SaLII Jj (_^jaa iAljjjjVI a_i2ic.V1 J 

d^)l^)a A_a^)Ajj la ji_»CaA g.ljA ^cAj ^jaj .U^ill jjll Aija A. Via PET J 3 GN 


(JlaAj <_£^aj . Ja3 dill AjUa tl Ja cilll Aju AAajj (_£a!I 4_j^jjV! J ^AIa 


(_£A^aj*J! aLaj^l cAJVI al^jl c^Hlj 4 a -Lai g-Lill g-LaiiJ! ^3 ^j^a^ll ( JIjjV! A_iajli! 

^ JjVllI ^jUaj ^ 1^1 4 dl a iln II AAxIaI! g-Laii!! ja-xxil 4 4^111 jA V Aj j .A_ilc. 

i 

4 aH! *U5I . ^ n Vlll jllal J Axil p 4 a111q! A_ia jj Aajj Jl 4 (Tenting frame process) 

.AljljjJI ^j-aljall jjjaial JJ (Jjj Laa t Jfj J A-i^. jj Al^-aJ c** iWj 


Jjj a_jl^)^. A^jA j-o a jl^)^. A^jA Ale- a_jl^allj aAjAjaull aJaC-V! aL-^j 

AjLq g. Lxilill g-l^j Ujl ja. JIxjj A-aj-^l! g-LlliJ! jpxxjjj (_^^)!^>^1! AjluVall g-ljj! . 'jj^jl^JI 
jjja jc- dalaiial! AAxldl g.LaiiJ! ClaJj^jl ^1! AjAj ^j! JjxxiI ^J! tiill ^Ajj .aLxjVI 
J *s^ll ^gk Jj (_^^)l_jall A^lx-ajJI ajl^a. ClaLa,_jA . A-xll^jl (J13 j La-q SaLj j 

4ljlilxiA La^xlaj a^)!^)allj aAL-axl! A jJaC-V! <^1 1*1 a a . jjl^A 5-2 167 — 180°C 

.aAaI! ^ 80 aj-^^j 

A^.laJI JtL Laa 4PET J 3GN Claliila jjj I jlliA-o laLx-alll A^k.j-<JI A-ilirlVI (_£Ai! 
jaLa, A-a jIa-q 4 ^ lllnTa Jill ClaVI-AarllxuVI aAdLo A^k.^<ll AJaC»VI . A.’ix^aV A*iJa Jl 

.A Ay laVI 4 . <aj,ljtj dila.i.ilaj JIa 4 a Ala. jja^oSj! 
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( <iiVUii-6‘2\ cjVUSjj .3.4.2.11 


jjx ( CllVtiij-6‘2 \ C1 jVIj3jJ jj JJ.' ‘ 1 ) t jj 4 £jJjuia 1I <4jl ^1^3^21 ( xjlxk^3J 
SjlLuVlj ( CjVUsjj (j;Aijj^)j-3‘l) jjaJjjj ( CjVUAj-6‘2 jAy jji ) J jj jj^sJ jj 

• Ti(OBu) 4 ^ 50ppm J-la. jit o* >?■ ^4 260°C 4it AjbLdll 


^L»Vl J&I . I tjjl I ^)l jiLall CIjI 

<j^)lLo diljj T j c jkJI jA 

CllLJax-a L . c (8- 11) a1jL*_«q ^jj La£ . ^ ^ AjouL^1a]I dj \ a \ 


oaljifl .3.11 


Al^Kull oA\j*l\ .1.3.11 


^a PEN <ajUI .PET ^ic- PEN (jjiid ^Ic. 

j* 4jjli2 (6-11) JjiaJI ^ . 59 PET 411a. J 105°C Jjli4U <160°C 

•PET j PEN V^V ay/Kj.ti (J^l jaJl 


PET j PEN 4uicSf A3SjiKj.lt oat jaJI :(6-ll) JjJaJI 
59 (Boaxoal) jja-^l ^UjI tlua Sjj^ul. 


b PET 

b PEN 

a pet 

“PEN 

U J 50 l*j£Uo> 4_ldc.| 

4200 

5350 

3500 

5000 

MPa t A-jjj 

110 

150 

190 

265 

MPa 6-ldll dojULa 

100 

70 

140 

80 

MPa tAlftll ^ 5 aJI Wn4 juc . d^VI 

100 

70 

140 

80 

<idl ^ 4^)J0l^ll dc. aJUslIuiVI 

1.3 

0.4 

1.3 

0.6 

aIaII ^ (. 150° C Aic. 


.^JVl ol^jL ■^ a 
.4JVI oLdjl ^gic. 
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.2.3.11 

( _ s Ac.l LS^J ‘122°C <_jA PEN jJ-aJjJ (_jji.La.jll JlslNI ojl^p. *La.J-i 
J 1 267°C PEN jV^I Sjja. a*, .PET Jal jl ^1 ^lil <> 40°C 

. 29 PET 22U 254°C ^jLil \Ji 

A^bj^l .3.3.11 

. 60 L^L^£ LilLL PEN .PEN jxoj! i_$ 4al 

(JLaxjjJj ^liHll L_ijLij '■"'jg !*■' .(_jjLj^Sll i** vwjj 


^ull .4.3.11 

dJlu S^\ .Clll^LQ LS^* PEN (J-gJjolJ 

AIIST *^5j • ^ 4_illc. iAjixS^A^. ^>-0 (j.J^ (jc- ^ JJ jaus 

.(2-11) J1411 ^ 4j^ A^Vl < 62 PBN <1U j! jL^VI j^il 




J jiuflVI U\ :(2-ll) jSJiS 
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CljVliiij]' ^tjlj , 1 j.i 4 yJa jl jq . -4 aaia 

^Ic. a JJ^^-O 4 jj J jjall JT.y^l dj^lc-lidll eJA |j ii'i .^)L A £-a iil]j ^»jNj j 

• 1 0 [ 0 .m l^jSLajoj <ijla ^ja jJa jj.a )1 ^21 ^Jaaa 


fcjttl! A;jUUI . 5 . 3.11 

(7-11) JjAaJI <_ji .laj .1 j wu'i Ajtjj^o Ajjlc. Ajjlijj dll jAaJ jJI ^loJJ 

4_aaj.lj PEN dll JJ.Q ll aJ ^3 ^jUtll i _Jlj ^aal a4 . dll jlaa ll ^21 ^jdxl Aii ^jjj 4j ^jlLa 

.Ujl^a. a j'/dll a" il. nail ^ 4jjlii]l ^jdUdil laa^Li . 

^ lj! jaaAjjI] (j^ 3 u ^ jVl Ajilij :( 7 -ll) Jji^l 


a p 

jaajIjjII 

2500 

.jdiida i ( tjijjjJ ) jj 

500 

Jlc. t ( (jAiliJ ) J jj 

2000 

( oijA" 1 ) Jjj 

5.9 

( aj j ) J jj 

5 

( JjjajjljjSI ) Jjj 

0.4 

IjjI^^, 4 \j-^'\* aAjL^j dll joxul 

0.15 

12 nm SiO x +( u 4 A?V' dVtla jj) 


[10 6 Stdcm 3 cm cm 2 s 1 Pa ^Ajiliill : P a 


A^JIxaII Xic. ^)lil<iUI ( ^a {Jr^ L5^ (^1 Ja^yLl ^5 

( ^jljj| l«luj SJ J,-luL&II AjjalC-VI 5-SL^ <dai^ix2! AjjliJl Ajjliill .Ajjl^aJI 
AjjaiC-VI lafllali (JjjlLaJj ^slaJI CjLuiLjS £JjjJ J^lxTi l^jaiUS L$ 

. 250° C -^c. IjJ^)^. ^xj ^ic. ^^jIjjI Idi ij*1u!a11 


Aj^jlaC. ^dLxi^l aJojoiI^j PEX ^3 XPA (Jjdtj L-J^jl y\W ^j-o ^JjoiLuj ^3 dl 

(^yxATi k CIjI^J-q (jiaxJj tcilillllS-O (jiaxia. cIPA (Ja-g ccillhjai^ AjjIjj 

(8-11) JjdJ u^j - 64 1,8-NDAj 1,5-NDAj 2,6-NDA J\ ^\\\y ^ .jjjfll 
(_j A xaI! PEX (j-G SjLl<lHI 4^^1i2u2l djI^jAxul^ll ^j-Q dE (jj~N Ajjlij 

. ^^.1 i4j\j x C1 jI.1^j <1a 1I 10 .vLo j 
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^jjj \a AjI (8-11) (j As q‘i 

4_Jlx3 jj^VI .Ajiliill (jJaik 4.4)4^ (JIjl 3 2,6-NDA JaflS ^^£11 
6<jjl^)aJ! 4^11* <ft\U .^U-jll (JlSdjVI SjI^)^. Ljalikjl tiSliA <jl Vj t <^U ttrri -o 

.Uaj^lxt IjUjJ J)^>l^J1 <1a 1I 30 Ajjaij j|jj3 

^Lixu^ £jjJajJj c(PVD) ^_i*JajJ ajjjJjaiJ Ajjlilll <j^al4j] 

(jiai^i-Q JaxjJa Cli.Vi S^)ikJ^U ^JjJa jjll Sjj_jJjoj .(CVD) 


-l4C- ^jjJall AjjLbajS ClL/lc.lij L-jLjiu cijjjjj ^) ; )a.JJ ^ic. (J-QJjaiJj 

JaxJjujJ I^jI a^aJL>U Cljl^jj^)Jjai ^ic. AIolc. a^laj ^g.-la.'i 

£JjJa jll]| J^llaj jl CjU jJ jill jl Sj!^)aJl <Jajaj| jJ (J'Vn ajllla AjxjUa CjIj^^o 

(Jj-q Li^jl^a. ^LaiLataJI jjI£j 1I 4_!la. c(PECVD) a\) b^^pkl ^Lixu^ll 


djI^^yUa Vl-A*Jjall 6^A 


< 


2I1I jj-aJjJI 


66,64 pex jjaJjj yk ^jja-uiSjVI :(8-ll) Jj-iaJI 


°C\7’ 8 

C S 

b D 

a P 

[gem -3 ]\p 

% 

S^iiLaV 

81 

0.098 

5.6 

0.469 

1.3350 

10.0 

PET 

80 

0.098 

4.7 

0.398 

1.3369 

10.0 


74 

0.089 

4.7 

0.364 

1.3381 

10.0 

atLltia -0 

89 

0.105 

4.3 

0.390 

1.3345 

10.0 

2,6-NDA 

91 

0.108 

4.9 

0.464 

1.3339 

10.0 

1,5-NDA 

89 

0.104 

5.2 

0.470 

1.3344 

10.0 

1,8-NDA 







bj[uA dlljJAlSjJ (Ja*-o 

do c\r e 

C S 

b D 

a P 

[gem -3 ]\p 

% 


117 

0.068 

2.3 

0.141 

1.3381 

10.0 

-O ( js-XA*\ 

122 

0.072 

2.5 

0.154 

1.3792 

10.0 

liLltiaj jjl (jiaAi. 

129 

0.091 

2.9 

0.228 

1.3754 

10.0 

2,6-NDA 


[Std cm 3 cm cm 2 s 1 atm 1 ] \ ^jiliiSI : P a 


lO'^mV'l^jUSYl :D b 
[Std cm 3 cm" 1 atm -1 ] \ <25U_iVI : S c 

T -iic- 4JJ3.3 360 s-Xal 4 -, ’i! > „ ^ 
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Jj djlJliJ Aj^)Jxn\ ^J c. ^-Aia -lluA^/1 jxi AiLiS^) AJiC-I (jxixllujj 

Jj aJI jll JJ jll CjU^I j aJJJI jI J l jjj *>'l (Jjj .Ac-jILa >>" )\ qjJ"i J 
tAxAl J^lj *jjj A_ik (JiLo ia KJ aL^-A jI ^aII ^Jc. aJI’^AI dil j^^Al j* jja*J 1 


65, 


AjC.^)ll (3^j AlLaA-all Ajj-a21 dll jj-a^ll ( J^. jl cAjiAll j 6 ^-lxu-ali]l Aj^)^.j 


J& jliU fi djI^^Ua IsuJ j VI-gjAujI ^a ^iixiIVl -1 i*jAj 1 djl.i.Ja JajtlLajJ 

> 

jl J> AjjiaJl jU* jjai^J M x O j-a S.l^,lj AiLla jl . Aj^)jxn Jj jl ^-a 

(jjai^j J Ja^jE fl Qjp*. J ;PC JIa. J jjjl jJjj-aj cPET a_!L*. J S.i^.1 j jj-a 

. 67 PEN ^la. ^ 

>■ % 

a j& j,i'u.'.i . Asl’^.a ^Jaxi AiiUaj Ajj) AiA PC j PENj PET Clil^J-aj] jl (_£du 

jA & jAJl ^Jajaj A_-ajj*_J jl A^.j A] . Al x O y ^3 jjj$J A.^g.^ (J-cl ^C. dal ]*■» t u^&Il 

a jAjl j2k.2k.il AlLald jc. (Jqi>Mx> t jj A_jJa^j j^.La. J*-' J ^ajV ijd 

.id 6L_lJjalll I.J .PET J I JJ ^)-0 PC Jj PEN j-a J^joJI Ajj) AlA (jdidj .Ajj-aJJI 

• PEN A_ll^ ^ aJUl 3 ^iC. ^a jdal^l .\u*i^jIj Ajl*-all jl 


aJUaaSJ' ^jIaaJI .6.3.11 


dja. jj .J _J1I aA^JI jjU*j 2,6-NDA (JJ Jc. dl jdul Jl Alla. J 
^jjjLojI Jc. tAjjliJI Ajnl> dl j dV j-s.'Nj Ujja. 3 J.-J jjl)‘\ J jc. AdaldJ V I 

JUj- 2‘2 jl (CC) Jjd jEjjj-3‘1- JJ* JlA-2‘2 l&* (HH) Jjd u^j^- 3‘1 
• 68 (C2C4) Jjp jUj^-3‘1 - JAjI- 2- Jii^-2 j (C2C2) Jj*p jUj^-3‘1- JAj! 


(JAlo JUS (JLaxJjoiIj C-.Vjl^j aL J aJ A^jlllxa CjI^jJ jj ^ixla^J l £ 

^ jl^xJI Ajj jl ( x-c Ij^I^^. aJU-< 2I A-iJtigi V 1 Jjj a-^-^j^ ^j>a4A..v.3 . -6 c 2 

Aj^ljll A-gjIL» 21 ^l^J . I^_i3 Alnlljl (JA1V1 aJjoiLoj (J Jaj iA^ jiiauill CIjI j-all j-o 
.aAjJ (JAil ALaiLai A^ jlllxa CIjI j-q .Axj Jaj^klxa (J^ 


(Jliljl A^,_jJj ijc-l AliS^L^jl a£ jIAAI Clil^ixu] Jl ^.. .i^ 2k 

# * 

l^J ^'l-a’ll | ^j]l tiiiiJ Jjlli .PET (j-o JjJa3t 4_J jl ^p. <j jl j 

.cJjJ-^ jEjJJ-3‘1 — J Xj^3fc*ll d l l . n xll 5JLa. PEN (3^ ci-dasi (Jj tPEN 
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^)C» djl jli* a \\ lVixa^ dLl .AjjI ^Jj 4_idL^. (Jjol>Luj 

AiLixu^ll 4 a jlL^ll (jc. <_£ dip. i (9- 11) (J j-l^JI ^ jaj^'1 4a jHaH 

.A^jLiaj^II 4_^JIxa 1I dtJ dc. <!UaJjoiV! jI-^a (_5^ c ' 4-la3l 


^ PEN J PET (JjiaAjA AIjLiajSII ^AjLLd) : (9-11) 


a PEN 

a PET 

^nLd/l 

^UuSlI JoUll 

85 

72 

2 

%1 C-IaII JjK ^)>XA-\ 

106 

74 

5 

%l C-IaII jjl£ (J>>A^V 

69 

4 

2 

%10 C-IaII jjl£ (J>»A^ 

60 

0 

5 

%10 C-ldl jjK (_>aA2k 

97 

76 

2 

% 1 4Jja£ j^AiA 

126 

60 

20 

% 1 j^JLjA 

70 

0 

1 

%10 4jjadj^)4jA 

50 

0 

2 

%10 

93 

15 

2 

Id jaVI jlc. 

96 

0 

10 

Id jaVI jlc. 

80 

0 

2 


50 

20 

2 

c (j 


i \ 1 ^ ~<(~- A \ 1 \—t '\ , | ^ ^ \ f*. A IIa I -v ,dl A, A ift] | A < ■ 4 t 

%0 RH j 180°C 6 ji 4^.j4 d& ^ 

%100 RH j 130°C Zj\j*. <a.j4 dc. ^jlc-jjjaii c 


djtk^VI .4.11 

s 


ufill idLd .1.4.11 

cPEN J PET J PA 6.6 j PA 12 J PA 6 Ji- uil d Jj2l 

(djlj ^AjuJ L_j£^)AJ (JJA^Ija]I djl^)^jljja3 ^JA 0J^JA 4^LdaLj L-.lg.l djtllalA 

.* != 

djIjjjLluo 1 “ ^ l-lC-Lum j t^y-aJ 
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.2.4.11 

AAjli C3_n£jJ A_Ia-uj| jjluiAji 3* <C. j u^»x>H ^Ul ^.^Da 3^-^ 

* 

. (J j^Ij^jj CljllLoui 3 * b^)±& Aj-g£ 3 ,0 J ^ u>ibaJi 3- 0 Ajj^jpl! £_L-aj i4j u^MI j 

AjLa^. ^9 A ^C-LoU (3^3 ^.jjJall dAj£^-all 3*° ^_S-k-all lAA ^j-alxij 


(jj^'n . Aj^^JI 3* Ia^jjC- j cAj 


3 ^ Ajuuj^U ^pa^_)*li]| 3 *° CLl^\'\k \W jjluiAjl 


.Ajj S^aLJI CjIjj^jSII dJA cJj^j . A-iSj^Ijj-g cIjL^jjI jj A_Jj^)£! j 3* A u>ib^Jl 


Cjliliaj .5.11 


((jjLliVI cjVUij) <^1 jj .1.5.11 


jj^jj UL^. 3^1 j .IjjI 3*^-° j^Ajj l! jl PET 3 ^ 

aj^jjI^j-q A-o jU-q PEN 3 * ^ a_3oc.VI j iUlVl 3 ^ PEN aliijVI 

. ^ PET 3-q Ac. jl*-a-<JI CjUalxi!l £-o aJjILJIj 4 a..‘i3^.^ AjJ j 

3-o 3^,x>J ajlxjl ^jl^ilujl j ^Ac-VI Aioill A_ajLLo 3 ! djl^nJaiill 3 -0 *^>4x]l PEN -1^, J 
AiLjaj .Aljj^jj^')^ ^ )aq\l J Ajjaii^Lli-All (J.)> A-la^jjj! l^jLik PEN A_3 qC.I 

ljUJi jiksl 63 ^ 0 - 0 !^ AIIajILg oli ^ Jl 
Lo£ .Aj^Loill 4 j^cN 1 CjLjjL^ oAjLq PEN 4_i2iC.I J_yi eLall jljkj j ‘ Ll ^ J 
dll^jUaVI 2 . "* * f' 1 4-^JIa^s <EsjULo]I a.Ij.V.'i L_fll_i]| j;. >> Vi 'i PEN 2Ax'u.;i (l4-^ 


38 


tNDC jl 2,6-NDA j TPA (jx jjljx l>° <c. ju^xll dal jixJjJI <jl .i^j 

-pallia <lxaLiJI o 2 a 1 ^ 1 » . lIIjI jljtll Aojlix 2-^° ^"' 

. ^ vjiiU j^joLaii j 1 ^/ u ^ , " 1 ' 

T jll 4jliijl sjl^i. \; PBN 

3-o ^)..u£j ^-^jjoil PBN (J-^ 0 iS^ J • A-iLouill A *m 11 3^-*^ L)^ 

iAjua aJ ^ g,.j-u L_ujaijj . a:.i^SU^ u -0 ^) 1 3^ aa ^ 3^ ^PBT 

. A^ijI^j-q jl AlijjjjfUl jl AujL^)^ ^iaa PBN 3^ 

A-ijl J«oj^ A-qjILgj AjjI A-qjILqj A-i^jjl^Lo A_<q jl^-o PBN 
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L-JjoiLLq ^^3 dilil Ajjlij ^a^C- ^Jj A^Ldaj 6 6^1 Ha-g Aj^13j A.JjJ^a^ 

jlc. J idlJ^lIj 4 Jj3jll £a ^jjjIaj <^Jc. CjIjULoJI ^Ja3 ^ix-al ^j^aLk 

^3 (JLaxILuj^U 4 — aLJVE PBN ^J] a^jLujVl dl^ja. di3 dl] J ^Jj AiLdaj . 

OQ 

. Aj^ia^)]lj Ajl3j^)a]I a djla.^p Ja j_jdi 

C_liia ^gJc. ^1 JloVI (PVPh) ( lSA^) C5^J^ £* PBN (J* gdl^^ 

. 72 S jil^UI <llaJI ^ C:U£ Jill 

(Jlijjl ajl^>a. (PEI) ( -li-aj) JjJ) PBN j-a ^ -i£l J 

^ja (jj'W a\\ jljjJ £a d^Jalj (JlilijVI aj^)a. 4_^.^p djjj .a .1^.1 j 7^ ^a.L ^.3 

^Jj _jjjaj Iaa 4^jjj£^3 aJjIxa JliiijVI aj^a. djL^^j . 73 PEI 

. ciAjj^aII ^IjiLol 


V^VI .2.5.11 


C5 ^ulaUL4]| J-g*uuIt j^L-j .1.2.5.11 


^^3 I_j^)£!Lo V^*duil PET d_il JldLiNl A-idc-Vl jujj 

(Jj^jouII JJa^dil jl 4 ^jcajoJI (Ja^-uuII JJa^)dil (Jja 4 ^ ^JoLix-aII (Jd^jaiill JajLai j 

aL^jl £a j .Aj^)a]| ^j-al^Vl jl 4 AJj^jaiLaJI JJa^dVl j! 4(_£^)j-adl 

.U.UJI J&\ ciiLAIall djjLk^a qu^'\ aJjjjjSNIj dJ jjg v'J' (jjjj 


^ja a-UaiJI (jl c > vsj ^_*jjj^LixAll JajLoaj (Jiia. ^3 ^!1 a3 

uO=^ -Ajj4 l A -uj^'j (jjjUiSU ^a 4 Jj^la (Jj> ml (3^5 dn^j 

jla 4 ^ jiLa <1 a1 I 10 6^)^3 Jafk.ll ^ic. JjliSl ( a *^ c ' 1^1 4^^.ijAj ^Jafk LsJ aiiLUi^ 

^Jc. <Ja3l ^ .oil ^^.a!1 ^ja 4^Ujdij di3^11 ^^3 j . l_j^C.^a 5 |im (j-« (Jsl 1 a jjolj 

(_£^£'Ui]l a-LaiiJI dj^l-^Jl (jsi* ) (jj'-uV'i ^Ea*J 1 a^-Lai^. 

.Ajjj^)a (JaLxaj ^Ltjj Laj 3 ^)ia^)A ^."'jV^Jl PET (j-Q ^j'nnoll <3^)11 ^jLall 


^Jc. PA J PEN J PET A_i*aC.V 4J^-ul a\ 1 c. .'qj^ajj (_£ Ss\ 

f e • - * 7V 75 

QA I Jjall a^J O-l PET Jft PEN oj% . / , ' /J ( ^lj 
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.Iia.'v.i i43‘1a*i PEN AjjoiC. 1 (jl .Aj^)a3I A_>j 3^ ^.Ix.^.i Laj3 PEX 

(J-oLstllll (JjJa3l g.ljl i43‘* i ia*i l^_ll IIAj «PEX AjjaC-I I.^Ia'i ^l3t 2i3j (Jja 3^**°^ 

U^J 6 (33 <Q ‘^ A-gjILg c^I'iaj PEN g.l2c. ^jl Vj .AJa^jjoiVI ^lix-aJ g.L±jl lg-XA 

. (_£jlc. PEX g-l2lc. ^ja ^„^>. : ).4j^a.\i £- 3 ^ C-^3] (J-^kl A-ajULg 

6(33'°"^ A-g jULg ^ ^rr^.^,11 ^UjI Ak.^A ^Lax^ g-La Lg.11c. LxAajA^a^ j 

^)ja£j ci!313 .CIjVL^JI <ja AdnikiA cA2j£31 A_1a C. ^jl^_l3l jl gJL^.U 

A ^.^-0 g-LulC. ^lljj U -0 ^li-G LS^ (-J ^\jA Laa !_j!^)£j gl2lx3l 

Ajjl ^^-Ha LS^ iSj^ 3 C5^J ’PEN (JA _JJ^-a 1I LlLaiLaiJ 

. lla^A aL>jl ^3 (J$ **>J g-Llc. 


A^£^}a jl IPA A^£^)a ^j-q A.j.UjJb CIiLia^ ^1c« J'^-a PEN (3^ ^JJaJ - liib 

(JAX Jjjjj . AjS^ISjaII ^_>ql^k3l ^JJjal^J ^3 CUlLIijaS ^ lljj-6 6 2- (jklkp 

(jj£j jjl L_L>J tiilli ^gJc. 6 J^-C- J 'ciA^ 0 ^Jjl^] ^^Lidaj Ajx>ia^'1 C1jIj£ja3I 

.113 j-q a2a 31 ^ 3 (j-o J3I a 3 iil >31 d3lc.lilJlj Ajj£iA3l J jSJc. (JJjjjI ^Uj ^3a£ Cj11a£ 
a-qjILJI cijjljjl 113 j-g a!a31 3 ajjaj J jfLilc. ^jlliy ^jIjj aj£^>a a!a£ CjjjL>l llj 

A-gjULa 3I ^3 l^)jj£ Ljalikjl c. ^ \ nnj Laa 333j d)^3j 6 ^cjL 2I g Lulxl3 ^AJfljb^31 ^^y\\ e-i_j] 
^Lijj gLjjl (jj3j*nVl <^_±L JIgIaII ^ ^3131 glU3l a_S! jV ^jaj . aISLlA^^H 

# . f 

^j33 1 ^),.)j^a3 (3*-^ PEN 


^j|^)3a3lj jjL^g 3I Aljlijl A^k. J-G Aj.ujC. 1 ^llj] A_S.1 x-g3I CjI jJjolJ jJI ^j-g li!>LLajl (1)^-^ 

(J-gL*_a dill jjU^a 3I Ailfil A^k.j-G A_i*lc.l ^glc- (J^aj . AjAilSlll 

Lg^c. Ajl Vj . ^jJa^x3l jl ^jjaL dVI cti!31 <ja jl^l jl 500kgnirn 

.AjsIS ^)JC. ^3^^ ^l3j ^...u^i.i l3> Uijj-G (J-gI*-g ^ n^nj 


Jl 

aJj£ 1I dul£ lil .lilli ^gic Aijj jl 1.350gcm 3 <1 a^JI Ali£ll ^jLaij 

* * 

.SjIaJI Alkul ^ja31 <a jIIaII C— flJjj j ^)JC. A-i> jl3l ^±1 ^Jj^a.1 ti!31 ^ja JSI aIa^JI 

> 

^^)k! A-i^U L>°J ^JC- ^.q-idall ^3^^ ^13] ^■lA^aTi ciS31 ^JC. d j!)lc.j 

3 1.3 62 gem ^ AlA>?k31 a_Sj^3! u 3*^^j cLijIuoa g. 121 x 31 ^ ^-3^ Alasl ^ a\3 

.J-J 
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Al^aLi. ."la.V'i Aa jILg A 2 al_£. jjL^-aII aSjUjVI A^k-j -3 A_i 2 ^-V 1 

# * J5 * 

Lo !^p\j j .A_lajaiJ fijlc-j ^aJ fi^)-Q Ail AxJ l-lx^lla 3 ^ V £ 22 x 11 (jl -Ix^llll A-gjILg 

.* 

£*3" pi 3) A-gjULaII A_x-al^Jl oAA ^-cjoiJ . pi_2xll ^jj A_iJ^ -lie. jjr^ ^jjl 

(Jj^jaiill JaLai j\ AIL*. ^3 p L2xll ^-)-)k .1 ^jc- L5^ -5 

,A_iJ ^ 3 lsVI aSU. ^3 2 il^£j (. ^ t uj 22 iAall 


Ja2 (jial ^pa^)C. < 3 C * I ^LoJC- I £^3^ <4 3] 2 gjIL<JI 

A-Lujj ^j! . ^ £*3^ <3^ -2^»> -^C- ^jjabjaJjV 1 A_ixuJ ^3 C> 3 6 C5^“ t-A' 

.AjjC. j-«JI Ajjaiill ^A AIaII ^3 10 3 -0 L^ ^■^■■J.SA^a.ll £^3^ <3^ .Aic- 


cijlL^al jx j . 250 |im 3] 0.5 (im 3-0 £22x11 a^Lgjuj ^j\jh 3 I 3 ^^ 

3 l p L2xll ^Jajuj Ai^xuA 3 ^ ( 3 -^ 3 j> 2 ill JajLai 3 ajjioUII a_i2ic-V1 

jl ‘S>^ A^ 3 a jl ( AiL-aV A.’^ila £JjJa jJ <_£ 1 3 ! AjV • till j 3 -0 c 3 jl 2.0 11111 (_£ jLjjJ 

JaLaujl a^juU 2.0 Iim 3 -0 3 "^ A^«iajai Aj jjoi^ 3 l£ J (__£.lC<Ui]l pl_ 2 xll ^ic« A j » n j 2 >Lix.a A^ila 

.1.1^. 3 2n ^.*.aila^)fr£ll (Jjj)"\^ll ^_)-al^2 2 lWi3 ^ 3 -0 J 6 p 22x11 


aj£^a jl IP A Aj£^a £-c <£32221 6 ^a 131 j l_loiLl<J 1 JIjJIj 33 ^ 32 *^ 

CjI jjL j-dj 3 ^ A^jUII ^LluJI Ajjjol£. C. 11 a 3 V c 2 llljjua£ ^lfi- 6 ‘ 2 - 331 ^ 

(_y*k~\ iS^^. 2 lljA 6 ^I 32 jJ^ 3 ^^ ^ 3 aj>jjll 3 * 3 j •iSj^^) Sk ^ ^Ljjl AAi 3 J 

^_ 1 xuj 32 l^J 3 ^ ^% 3 a J 3 g 33 ^ £- 2 <J a 3 ^)^- 

AjI jku .1 aJojoiI^j ( 3 A^ aa^ 3 -0 333 ^ 2 ^ 3 l 5 ^)^ 2 oAic. ^ 12 x 11 

.a£ 11 x 3 Jj£VI 311 3 all 


6 ^ 5 > 


i 80 — 40° C &3^>^ c3 C ' 31 3^11 b AA 

AjI jln>j ( 3 ^ ^ 22 x 11 ^ 3 ^ ^221 l > H ^jj 


4 ^l> 3 ji]| . 2 . 2 . 5.11 


^.12x1 Ij^c-IS ^I2c. Allix-aj 3 j»,U' 1 \I dj^l2. 3 -0 *22^ 32 ax2ujI aEI 

32 oxlLajl c. ^ in») a n;\l j 3^V I J£L2o 12^ Cj!2£JI ^S^\L ^.L2c. ^3^ *c3^^)^33 

Aj-qjILo A^.^. 3 -0 1 c2ilj 3J AiljJaj J . A_^.lHjj ^3 ^ n.S«Q 
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V] .aLaj 4j.1c.15 4j2iC.IS PET 4jjoiC.| a^)l^)£La]lj i 

% i # 

lAA Alljij L_l*-*-£aJj to Ax.^La PET AjjoiC. 1 ^gAil iJajuiJJ Ai^iLo A-iJ^eVl oAA JaAa. Ale All 


tA.ifLijl ^jx^l ^LgjULiIIj JjIxjj Lxu3 tiiE j e-Ljaj)l ^jj£I PEN Ajjuiel (JLaxjjoiI (jj 
PEN AjJael (jl V] . o ^j.\k.x*a ^jLlaSlj AaI Ale Ax^lill A^jULq 4-x-aL^.j t(_£Ax_2l j)\ j 

^ ^jqxrfo\l ^)3i^ uj • ^ j s-LuliJI c_al Ale- 4_A-al_a-jj £_AaaA 

^iaLjaJjl (. * n m ) t^sl^ejJ^a c-Laix! IjAelii ^.Laie e-Luixll (JLaxJjoI <■ * \x t-s-xW (J» •s j 


j| IP A Aj£^g ^j-o A.I.UjJa CjLx£ ^gle PEN (j-Q ciS^jjjaLG jAxul Alb 

78 •*•* . s . 

Jaxj Ail . AifLbl^i^ill C(A1 iLi*jj£ L 5 jUj-6 i 2- (jJISjA (jAxx^. 

.1.2. 5.1 1 ^-3 lAllb^aj ^-uiilalAi-All (Jj*s mMI JaiLoa j 4_ll^. ^3 La£ 1 ^-a.uAI Aib^jlalli 


Aj ja1\ Ajj-uaaJl Ajaj^uJ) L^Lkll i jjlau .3.2.5.11 


Ij^L^JI ^iALouJI (PPV) ( (j-ilAua ^j-il-Lu^-p) (jLa AialjiixJl CjIjaajI j 2I Jjj 

AjjabOjoJl (J-GJti jj .£.1^-1! ^3 b^slulA ^)Ae l^A^fb A3 j^X-G Aj^jJaxll 4jjabGjal]l 

oA^J ^ hul \a\\ (. blanll Axj tilli! .$.1 Able Lai o Ac. iais PPV (JjjLojI ^gie Ae jjj-aaJI 

.LlJ^I I^)-qI Aj! jj$ -vMI 


* .» 

^j.i2kAjjS>jV I jliil A-AaiA-Lo diV Ax-q ^4V.i <jl La£ AjjjJaxll dll ^a\] V 

CjUIsaI AjI Vj . CjI oa^J 

.Cjl^jLiJl ilflj lIjVAx-q ^jAaiaA ^jl aI^Ia- 


aLI£ a c*j1x^a (jjla ^jlc- L — PEN J^-^j c5A^ 

l£UJ] saU ;PECVD Uj^LJL LuLlAiS Jj 

PET -Li A c -1 4 r. >>Q ^ ^ Q^%U PEN A-lAc-l ^lljl£ ^ ^ , > 1 . 'll 

.^ic.1 j\\ ' ^ " a'Vil (jjS t. _ 'n-i; 
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^ .4.2.5.11 


.^id-dill AjISj c^J jjJa'i'l ^Ic- A_njl.ll]| dlUj ijjl^IVI (J£^. _jjJadll .Va'uin 

(_£^)Lulg A^-LlLa A_iS 4 dll La^jj-sa^. jU/><i _j jJjai^jl ^jj <_£^p 

jJI jjluj^jl jiill o jjg V‘i ^Ai3l^)c. <c.\Jall (J1 ax'uAj L-b-sa^ll j ^ r^ll 

( (ji3^d JixAA-3) l_iiial_La ^WnxiH (JLaxIIiujI 

^jjjjlai) u^da] -4‘3) dl jldJI j r ixJjillj PVPhj 

(J^lc.j Sldl A_Ladj AJbLj L Qx^'l bS Lg J L_b-£a-<i]| J £1 Xg 1I (_£^)LalA 1 L_lia^Jj]lj ( Cljli^iluJ 

80 

. PENj PET (j-a aj^-g ^jlij-a (JLaxjjujI (_£^p dj 


tiuSn . 3 . 5.11 


A_pjjaull dale.' n^nl\ £-d-aJ ^3 (JLaxjjoiVI A-xjoiI j PET cJ^° djl _j a x *nl^]l (jj 

Ado A-jjc-^pil jdll u -0 .ia.ixJlj ^ddu PET (j! ijj* 

jl tAdu^-xi dalj Aj^jjjouIjj L-ililV S^ddo-G ApL^II (jl V] cuiUlVI lluilis 

l_ aLilSU sAiA^ diVL<uujaiV tPET ' lilli (jc. 4 a Vi 4 . ^ 

‘•" l ' a ... ^ j 4 ^IjVI 4j]L*JI 4^Lajt ^ f'Uj'W'' PEN 4^4!laa .4jjluul _j2l 


^] a J' 4jLj^}la (JEutlAj . — a'-JV 1 4_j jjh^ t — sEll ^-Ac. J J.---.^ 11 (3^-5 4 ^r .1 i , ^_iAA^1]1 
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0J^-G jl 4 PEN £-G PET 0jl^^ (J-° Ail^xJI ^-al^dSl dal 3 JJjou]^]| 4_ flLJI ^)dadj 
4cilE ^Jj Aildal . ^ daV^ijj daVl^jJ dal^j c^ljldo jaaJjj PET 


a>j3 (JLoJtdaal ^ 5 -^ 4^1Ej (J-^a^.'l3 4&^jjjd PET (JLaXJjujI 




^3 SAiLq 1 g \» >j Lg 4AjlSj^)-q ^)-a I Aj^jjjouI^aII 

dalaAlLdll (Jj-gjj jl ^j-dll ^laiLail cjj^ 


dip. cdliM I dakilkj 


^jjadl Ac. Lila] 1 ^JJJ Aj^)a A&UJa diflj A^a! jC. jxdlflll Ac.lda]l ^ ^ 
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jl ClllAlJa^ll ^2 ^LgxJjoiaII i 4^. jjoiAaII ^iC. AjjaiLft^ll jl ^-gII J 6 aL^joiII ^2 A_i^.A j-gA1I 

I^UA^gA .A^Li^JI j\ 0juiAI 1 A-k-aj-a^j-0 clllA^j C^-lAl^jAll jl (AjIaLoJ^II £(J-g1 

SAjLg 1 g \x y ) Lg lAAj 6 PET AA^jILg A_Aai^A-G A^jA c_fl\_ilVI 

PET ^l-Gdl^J C_J SiLllI £-G AxArs.^ L«a j c A^. jjuaLgI! ^ac. A_2lg 2V 1 ^2 A_lajl _j L_fll_ill£ 

. (JjaAI^IgII 

jj-g2jj AjjI^II AjljoiI jll A jnmll AjuoiVI jIIiaAI CjLoiIjS j DSC CljL)ailj2 jjAuj 

AjI 6 A. n3a,,1 J 6J)\ua Jit* L_ <jl_Al j)-G AjAjoLgII J lA_jlj l_j ^^joi-gII PEN 

A^.^jA jj-G (_y*k~\\ C1jL^.j^ AAc- 1 ** i,Wj (jl aI^_^.VLj (jAa^^-G ^>lnl j£-GJ 

LgaAc. JjLLgIIjj . a Jaxull jj-G CjIjjL (jj£2j j^lj t^U.jll JliAAVI 

<jjAj S^)Lj-g V SaLg£ Aj-al j^. ^Aii ioA-iLgII AjjI j^JI A_^JIx-g11 AjuaAA PEN ^-i^il (jAaJ^xJ 

. ^ 200° C AAc- Ajjl^pJI A^JIscaII Ci^a. jl j j^*a 

AjlAj^gII 6jl^)^JI caL^^a (j-G aILgaI ^)j£l AjoJI Al^_aJ (jj^A (jlj ^AliAll ^aa ji 

Jaxull j)-G lAjI_J^1j Lg A^. J] ^Ac-I AAc.J . (X Ja-Gj]l j)-G Clll^)^iill All jA ^2 

j)-G (AI^jAjolg ^lgjI^j ^jjJa^Ail AAx-a j jjC. ^ CIaLijaVI ^^3 Aj^jjoiII g.1 Kc. £2^) (_£^>^ • P 

.(PETN-20) 12 j- aIgII ^ 20 a^ CiVlAiAlL Ja*-g PET 

PEN j lijl JajA-g A_ljLai dil_jjL _jj-gJ^j (J-g a2£>Ij 0jl j-G ^jjJra^A Aal j 

aAIiAIIlgII (jjjai^A j£-GJ .^— flLill ^3 l^Jjc. j a^)l^-j«£all L^* PETj 

. (jjAc-Loa Aa-g1 180°C aAc. ajJ_^JI a^JU-gII (jc. (jjj 3-<2 -q cJS >Ai ^A!yl!ill ^jj-oll 

(jttiVn . ^ aAIULg j^I AjjjL ^ Aj j)j£A Jjj cIjjAjj ^i£l CjIjjL ^-gj ^11 (Alii 

LgAAc. (JjLoiII J PEN (_5j_^ial A null ^ jlajJI AAc. (jL-aAlVI 

AjAjoiVI Lilc-liA I ji^-o aAAa-^j Clil jjl JjA ^ a_^JIx-g 

. 86 ^Uii! 


AjjAISI jjijjAl .6.11 

(jjjjj .UjL^j AjjI -n."'" s-LojaVIj CiIaMj«JI ^^Ic. <fLal (10-11) J (j^y 

^gk 4jjL^ill «Iajoi^I (11-11) (JjAaJI 
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Ljlaj S jjjlall PEN JJ ^ic- 'Uilal :(10-11) Jj-iaJI 


dal 


^jUdl ^joiVI 

<-_ijdl jjjljal tPEN 

M&G Polymers 

Hipertuf® 

4_dc.| cPEN 

DuPont Teijin 

Kaladex® 

83 PETjPEN 

Kolon Industries, Inc. 

Nopla® 

<_iUil cPEN 

Performance Fibers, Inc. 

PenTec® 

<_ili 4 PEN 

Honeywell 

Pentec® 

83 PEN 

SK Chemicals 

Skypet® PEN 

djldl aJj-ld 4_dc.| 

DuPont Teijin 

Teonex® 


uUl .7.11 


6A_ix_ijJa]l (j^)la]l ^C- aJ Aic- <Cjj^aLg A.)*s..wa ^jl-laAl (_^l NDC (J^ X ‘* 1 J V 

c^LiA 2004 ^-C- .^j^ixll jl .li^JI ^jjjLqjII j\ jl ^LuiiLaiVI cJ^° 

a*-J JJ5J . <!L<ixJjail jl NDC (JaIjuII AjjU^a A j no's Aj15 j dll jjg.rd AjI 

aLIS NDC id . (jLdVI ^Ac« ^^>*■■'^1 a jn-N a_iajoi NDC (jl djLajl^).i]l 

Ig-md A^L-all NDC <— id (j^j * ^)L>4jVI jl ^.i^JI C5"^-J^ c . ^>jj 

. Iaj^j c. ^ nun (jl NDA 1 (j£-aJ .(Jjjj-aLq (_^l (Jj-gj V 


£^l ja!\ yk S^jljil AjjLadl fLa^Sfl :(11-11) Jj-i^JI 


lj ^Vl 


J 


Degussa-Hiils 
Dupont 
Cabot Corp. 


Aerosil® 


70,56 


70 <jLu ISAlu, 
Bynel® (Series) 

(jUAll JJ*-a t Jnj.-JJ.JLJ J^aII Qlhjjl ijj.nfl.il £tjjlj 

Cabosil™ M5 
70 ^ 
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jaJI SjJ jl! :(11-11) JjdaJI 



(J ^a-uiVI 

t j\l 

Union Carbide Corp. 

Carbowax® (Series) 
19 (PEG) ( u4AjV J jSJc. ) j jj 

Ciba 

Darocure® 1173 

70 * 

i jjl-1- cJA^-1- -2 

Dyneon 

Dyneon® HTE 
70 

V lS J 

Cytec Industries 

Ebecryl® (Series) 

(UCB) 


Cytec Industries 

Ecdel® 

(UCB) 

^ ^ lal 3a^ jd) ydj d] j"i lV ^ J.. 1 

DuPont 

El v amide® 

^ *U. jj jj ( dull ) 

DuPont 

Engage™ resins 

^ ( (j-ll.ujl ) 

Fratelli Lamberti S.p.a. 

Esacure® 

Clariant GmbH 

Highlink® (Series) 

^ Kjlui.) (J 

Ciba 

Irgacure® 184 
70 

Clariant GmbH 

Klebosol® 

BASF AG 

Larmer® LR 8739 

dALj^i jda^jj^i 

Dupont 

Ludox® (Series) 

70 -.cl 

lSjjc- u 

Dupont 

Melinar® Laserplus 
56 jjJ ^513 dPET) ( aAmVI ^Vtia _j3 ) 

Dupont 

Mylar® (Series) 
55 ( cjVtia jj j4uj] ) Jjj 

Nalco Chemical Co. 

Nalco® 2327 

l£jjun (^^d'wO jJD Jjijtui) Jjju jjdiA 
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jaJI SjJ jl! :(11-11) 



(j ^>VI 

Eastman Chemical Co. 

PCTA Durastar 1000 
U1 j-o%35 j t tiLlUajj U ja% 65 (j-« 

36 CHDM j tililUajjjj jjiaASk 

Lucite International 

Perpex® CP63 

70 JjjSi j 

Eastman Chemical Co. 

PETG 6736 

■^CHDM j EG j tiildtiajj ^ idjl-u-i jiuij 

Henkel (Cognis) 

Photomer™ 6210 

70 * c « 

ja-ijidjl 

Qo Chemical Co. 

Polymeg® 

(Lyondell Chem. Co.) 

^ ( Jj44=- ^4j) Jjj 

Rexene Corp. 

Rexflex® Will 

70 * 

uj^“ ‘ ( l)44j' ) 

Solvay 

Solef® 

70 ( 4! J 

Tego Degussa 

TEGO® RAD 2100 

ClAaLjalj t^ln^nN (JjIS Jjaj ctAiLj^U ( jLbai) 

70 JjLj 

Ciba Geigy 

Tinuvin® 144 

_ ^lii-513) Jjjj4Ui4^“4- J2G“ ^^-^ 1 ^.- 61612424 ) 

UV 4x41 ^j-aG 4 cjU jIG ( ^--5 j j-A -4- ^ _ C-j 

Ciba 

Tinuvin® 234 

7 ^* JjjOjJ j_A-2H-( ^Lu-5‘3- iSjja^ -2)-2 

DuPont 

Tyzor® TPT 

4 ( ^4^4 J CllljljJJ ) ajjjjjjjll -.Jj.,-4 jJj jJ jjj| 

56,55 •• 

BASF AG 

Tyzor® TPT 
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SjIc-Ij jjVI .8.11 


(jc- ( (Jjn*q\l Aj_jj 1£) PEN J PET (j-o Ac. j) u.oa'1 ^j£aj 

. A^l (JLaxJjujIj lg.*iA A^Jj (JS Ax-ilia AjA^j 

JJC. ^.jjJall JJ^)AJ tPEN (jC. PET AaC. C^IaS 

* J" 

A-oj^JI jxZ q±*. 6 380nm JjVI j-gj J] 

c . uti Vi j 4 Aa^*JI l^jja L^Ao^a Laa ^jl ^ a’i^aII . 400 nm l) ^c- A_ij\illl 

^joi^a ^)AC.^)aj AiUall Aaa£j 380nm ^ua^ja ^>ac. ^)aj A^Uall a!ia£ AjjouII 
(JjILaIIjj cPET AjI ^ic. c — ^jj-£3 1 aju^s Ajjaull ciaI^ Ijli .400nm 

jIjaII (Jj^nS i . 88 PEN AjI ^Ic- c — aix-a 0 (j-a AJJ^)3 AjjouII Clijl^ Ijj 

.(jsuii ^^ic. u^jjIajjjI 

PEN (j-Q 6^J3U-a Aja£ jl AaixJj . JUML UjUa^ PET SaIcJ (j^-QJ 


•PET j^j-^ 6^lc.J aJac. J^ixj V PET (j-o CjIjjL*. 

.* 

(JL^Aj All j . AjI ^)Jaj1^iI1 (jaIa (3-J^ Ai*a£j! ^jIj (_£Jjjj 
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(jxoVI ^Uj jAilLo ^gjoiLd. Jjid-2 jdiJ t^i-0 .Aialj-all <Jj__)l2l 

.(Jjjli _jLj£'V I S__)XjJl (jx g-^lj jAj tJjjiill liLjU _jic- (jJALO-2 


(j£«j . 1 JjjlijlUaj jj'VI (MXDA) 2tf-oVl uAAj 2^1} 

g 

u^il LAuaj L $ • PPA ^ 3^-^ (j-al Q.) * aJLqjujujI 


ciul£ 5 -Ijjoj MXDA JaL^jV cijVL<i*^jl jj . ^ MXDA CjIjxcJjj 

. 18 djjLJI <LJI ^ j\ 15 s jkx^UI <5laJI 


feu*a 3 fl j Sj-aljil . 2.12 


s-Loll <l!jj S^aL (Jc-Lllj PA L OJ-aC. 
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ch 3 

I 

H 2 N— (CH 2 ) 6 — NH 2 H 2 N— CH 2 — CH— (CH 2 ) 3 — nh 2 

(JJxSH i _]/\.' * -2 


ch 3 

I 3 

ch 2 

I 

H 2 N — CH 2 — CH — (CH 2 ) 2 — NH 2 

tjjxVl j j'/n * <-!£?) -2 

H2N ^ ^ — CH2' 

(jljxa (JjjoiSa ^1}aI ^IjJ - 4‘4 


ch 3 

I 3 

h 2 n — ch 2 — c — ch 2 — nh 2 


ch 3 

tj±A$\ ^Uj JjjjjJjj 

nh 2 h— i/ \i— h 




H pN x / --•> x / ■>■■-> h 2 N" v "MH 2 

jlin* J ; ,.. ^j , ^lu jjiat -'44- x ? j'-^- , 3‘3 Wil jjLL jS -n 

CH 3/ . 

h 2 n — / Y-c -7 \ — nh 2 

' / C»3 / 

uUjJ? ( -b ” ^ -'4‘4)-2‘2 


( iiai til aIaxIulaJI /jxaV) cjLuLu : (2-12) JiuJl 



(lui cjljjAiijj 4-Laxl^. U l ^USUI LjU£j^t :(3-12) JiuJt 


jj>i! .1.2.12 

. CjU jSLa'I LijLo PA jJ <. ViKML & aj^jKMI cjUUuSI J-ojiiLaij 

£-gj cA_Jlc. Jaji-kJa Cli^j e-Lall aJI^VI (jC- S^aLII j 

6c.L<JI ^har a aJIJ A^J^nll 6.l£J . (Jc-lijll iajaij 6^)1^)^. A-^.^jJ A Aj^Jull 

CljUajaij-G jUlkl .PA A-la^j (Jc-tlill Jajaij A_^,^p J) j' >Tlj 

(JL^fljl c** v Wj V j A^_jJ a^)j^)Jjai 3 l 
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.■laxjJil' *LAI <11 jj S^jaLII ^ja S^i^YI (J^I^aII ^3 . (Jc-IslaaSI 

(jl L_SjI£j]Ij S^aLJI (JA A1^_^a 1I ^3 (j^AJj . ^S^jl^aAl £■* 

.^gjl^ill gblcAl AjC. jj (_paik Jl ^£CjJ ciKaj ClL^lc-lij C‘ l,h") 

^Ia Jji^-AJ (Jc^IAaII (_£-1xj • (> _ 5 Aj 6^)aL 4-iliilA (j^AJ ^Ac. J 

<4j njVl ^jIoa^. ^ja (J£ J jL^xJI IAa ^Aj L_iLjaJj t^iA^l ^^Ijj (jjlj ua <_£-uA.3ja ^ja 

^JjjjJa ^A^a ^)lajlAj ^jjaVI (j^fLa ClnskJj t c£1AIj3^)A]1 ja^qa j cilAljS j^jjVl /_ < w'aArkj 

> 

.AjI^aII A-ila*j (JaIc. A'\kj*si) cilaj^nll (jiaA^. ^ja AAaII ^3 2 t—AblaJ .4ja11 ^3 10 — 5 

(Jc-Ulj l. lUrtl cillij 70° C ^Aj Sj^^AI ^Aj^J (_> a ^- A ^VI AiLjaj s-ljjj 

J^lcA tiilj Axj J .1 jia-A ^CiAx-a J s-Ijj jdll C* n^xti ^3 ^±aA L_aLjaJ l^j^lj . (Jj-lxlill 

,A_i3 Cj j^jVl ■^•ait.A.J^ ^ja l^jnii e-lAjj £a iClij^Vb e-l^Al (Jja 0 ^) ; )g.Jal j ;(Jc-IAa11 

# % # 

(j's m"i tel^AjVI «^*j .ai& a_jl_^JI A_^.^p .Ale- 120°C ^Al ^A] cJc.Ua1I ^j^hj 

# >■ * * 

• 4jtij^a »j'j^ CjL^jJ lLl^j l \ky\j VA\ x>>j 1 cl jaII 

(JIaxJjojI l^_i3 tAiL^jAall aA& j^Ac- ^jodajja ^aJjaaII C. ^b2/U djLiial cilljA 

ciilAj (, L-Ia^aII A_ij|^)^.V (JjjI'S a\\ ^ja S^aLaa 4_a.lij ^jJaIA] (_£^ljjll CS - ^ 

S^JJ_JJja11 (JLaXJjoiIj 4_llc. ^All ^JjAjl jA\ ^AjAJ . ^ ^jJc-laAll (jjJ L-JjLilll ^jC. 

^L^ll PA .pa 6T/6I/6A l^lj jUaII 

HMD aJL^. ^ <)/Kll dj!)lc.lij]l c <a'lTi .‘kijsu^a jj£I PPA aJL^. ^ aIajL^JI Cj^Ic-UjUj 

.^jlill HMD j cLij jaVI ^jjSj ^Ja 


Aljijf]) CjlikJ) ijjj^ai j \ AojVI * jjj ± jA \ .2.2.12 

L— 1.12k 46 ^)a 1 \W (_5^)^.l AIijI^-SI Clala.lxA.il 

JjUj . Jrax.jJg.il Cll^J 330 — 275° C (J1 > a! 1 6^)1^)^. dc. L_fljl£lllj Sja121 ^ja 

Jaj^)jai .^jI^A ^Ixa ^j^£!li3 4A ^3 Ja^x.jJaA.11 ^cj^aII 4^j^1jj11 ^11 2 

^Ac. (^lAaJ .(Jc.Ua 1I ^jl^jA^, (^^gAc. £_iJajJ ClajA^, ^)A 1 x1a Aj^jj^)jJa Aj^)AajJaAll ^^dll 

pLiil . 4300 — 370° C ml i^jjaA^ll Jc-IAaII I Jolilll 

0J^a1I ^AjU V . 2 0’12^J ^A1 ^ j-ifcH ^^Ac. ^JA AC.^)jalJ ^AUaSI C-1-aII ^)AkJ.U ^J>|JA ^11 
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a*j .320 — 275°C Jj (jlj-iaJI Sjl^^. IajI Jclilall 

^Uj Jjjlj (jc. BjliC. j& (JtlLa J! 0J_^all <k_jj (Jc.lLall ^3 J 

.Siljlll 


cjl*ij J& .3.2.12 


(j_jl jaII 4-3afll ^ x>\l ^_a!I (j-o 4jla to j ,( iuM<Q j 4jp.j±} PA (j- 0 (JAj^ll 

o-lc- (JaxAjoiA .Ljajl (.** n nMl A^jLoiII o^aIaII -iaj^jjai ^Ac-j -kbJall (JjaLoAI ^JjaII 

l^jjl 0 ^}aLJI 6 JjaII (jJjdll ^ja ^J^AjaaSI ^A^ll “\a\\ 

4-IaAI l.Ag.A (J-gLxa ^JjaII Qj\ j!i]l ^)AAXAj . djUajAJAll ^jA ciilA ^)AC. J t '■g.kxjJa J 

. 4.3a .tda L_L2kJj c4~l ^-»1 x 


AajJVa LjJ^joiJJ ^jl ^JAaVI (^Iaa] (j^AA djlx3J ( ^ C ' J^I^Aa cs - ^ 

.l^J j^aaaII L-lx-j^a,.) <3A^)laA t(_£^)^.l ^Jl 4 jl3^ ^Ja jj»Tl J <aa£13 ^j£aAj tjc-lidll 

(J^IjaIIa oJlC. <^JIaA . _jl ^jaAjoiIa j Lxj_jjuj ^AjaII J jl jaII AaljJa (. * VN J tiilAl 

l ^ (JajuJAj t^^JA^I 


tAil^-Ail jl±A$\ JAJJ ^jAAxIi] (Ja.1xA3I 0_JaI-XA 


t^JlikAl (JA^ll ^^3 <Ujjl3l (JjA_iS • 

. ^.iikAI LS^ Cll^J AjuoiVI A-asI-iIoa j • 

f^gC- jj CJaAa 4k ^aJ l^JLlkaJj t(Jc.lLJl qa AjaC- l. VNJ O^aIjlaII J^kj ^ 

^jl^Lo (jjA-iS .VLa^la IaSj AAaI^^VI oi& l^AAsaa . Ja-Ixa o^jaIxa! l^c-Lda^lj 

(jJ jaI] o^)jujIaa 4-xjj 1 xu^ d u*nl Ai^kll oi& <jl VI .o^)a1a]I o^l^j-sall 

(^g^II (^J -^1 cJ^klill AjjoiLLg Cll^J AijaiVI Ajfll jhxt UgI .^JjaII 

L$J^ ( jkijj) jJ CIjIjjaJ ^a! ^IHaJ ^jl^jJa dlli Aildaj 

Ja J^Jjal ^>^>4 • 0 - 1 ^)AA^\I C iVl AjLjujV I AjaUko (JLgxHujIa ^)AA,a1^a]I (_^)-al (JJjLjS 

Jnj ^ ^jIaJ ^A-G^j^A (JIaXJjoiI XPA (j -0 V^ • iS kjj (Jc-liull 
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S jaLulaJI .4.2.12 

( L_kixi (Jc-Lia ^^2 ^llLo cPA dal jdAjlj^] a jAiiuiAll a jAkl CIjI jjjdAU L_L-aj j^, 

CllkjJ 4_k jA ^2 AaVI a jjx.oqll 4 _aIbV 1 J C£J jjolll jJ^-uuH . ^ ^ x>lA J (Jc-LlA ^^2 jl 

i ^ La£ cIjIjjjjxJI (_^^.j (_£ j^j . cli' jjAj\ j2l jk j^, (jl ujjVi A-iILxJI a jl j^ll 

j)A ^jIa j-^ 6 jAdJAA <jA*J a jA^ll (J^2 La (_£ j^-J • 1 

^Jl j^. I^JJaL ‘k.jJ CjI jJAjiJ jl £CJJa]I ^2 j)j£jJ . jAA^I Cljlijljj j (jJhAaJI 

. jdxSJjA JaijJaj ajl j^. 4^jJ Cll^J 10 _ 4 

AjjaLuiVI 4.4jlo jll . (j2a L a jll t j^joLA ^Jjijl (Jc-LLo ^2 jl jAJjailj 0JjAll ^cjJaJ .2 

. -laic.jJnll ^V*i ^Ic- Lilli 0JjA^I jj'S x>n ^^A (j-aLAjll 

jkJI I jljj (Jj^alL l** n-k a jJ^VI AjoiaIII c.Lll jA ca jAl2l ^UaJ ^2 jJ^VI c-LiVI .3 
(J^lj ajl^_A*all (jiaj^. ^2 (JjLoJI jlull ^.A2k.j j C(jialAj]| j)A jjiU-lAll (JjLalllj 


^jjJAjljJI 0jjAll A_i 2 (jiajxjj (jill (jAjll ju-a 2 jA AjjI ja^VI a 2 A dll jJA l£*^J 
aIIaI (jjjia j}C- cilli j i<2j2^ 15 ^1 Li^i jaj jA (j jil 4<*ijjA a jl j^ Cllk,j2l 

.a j j jjjudll jA 4JLOUI (J^.1 j-oll ^ <_£ jl j^JI JliijVI 

£kuJ) ^ <J&LQ» .5.2.12 

^1 jAA^yU AL 13 jJC. CjUjJaJ Cljl jJA jjjAll (JskJ ^-k^'l ^2 (. VlKMI <LL jja I Ail 

* -* c " 

^Uj ^2 L$k. j j^J ^llll (j2al_A^.VI Clil^Jjjk JajUjujJ ,jiaLA^.VI j)A V Aj . J jLiIaII 

* •* 

AiLjaLj (J j.l^.A.11 pH ^I^J ^(^La Jjk-A ^^2 4 ..i‘daL/ I Aj£jAll jjJa^J j . jjjj^ll Ajjjl£ 

uV jkJI .^L^ill pLil ^ ^ill HC1 *UI jjK KOH Jki .KOH 

t_ajkj]l (JLaj*jjoiI (j j^. . (j^Lijj aJlc. a j^2 (j-«j ^ (Jc-lijll ^xIjj cJa^k. A V\ * nl ji 

.a jliloV PPA ^lj-® jjx>a Vil ^ n ill ^Jajoill 

CIjI j ; iA ; J jj JLia L5 ic. ^Inll ^-koill ^2 L-SjI£j 1I Aij jia ^^ic. (Jj^ju (jkaJ (j j^. kl 

dal j.jAj\ jj Aik. ^2 Lxiajl (jl ^Lc-jVI (j j^. j)^ J jJaxil <a\j PA 
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(Jc-lsGj (Jc-Lllll <1^.^)a ^3 . j)\ ^aOjuAj ^ LiJ^a. 4j^3ax3l PA 

(Jja C(_£ jjJti C. L-UJlA ^Ljj 4 jjj]£ CjL^ja £A (JJaVI C1jIj£ja 

La (j^£j ^ 6(Jc-lijil <A^IaiA ^ja c.La3I <31j|j (jjA 

La] ^jjJaxil (Jj)\^ a\\ ^x>> cAjjUllI <1 ^.^)a]I ^3 .^jj^^II (j_)^ <jJai^JA CIjI^iaj] jJ (JjS 

(Jc-lijj . CjLj jJj£ J!1 a JjSiaI ^jLa (J^-Aa £A (JjjLaJ ^Ac- _JjAj\ ^31 (J^3 

^3 ^jjAjl^iH (Jj 3 La] ( ^sLjaj t_fljL£j (Jc-lij l_1JjaJj £.La3I ^)^3£ (Jaa^ £a ^jJaA^Jl (Jj5ja]I 

# * 

(Ja aJLc. C1jL^.jJ CjIA AiaI CjL£ja <JLxAj SjjjJaJI c>4& .(_£jjJax3I c_jj.1a3I 

t Aj.^jV^MI ^..mll ^JajoJ! ^3 c_fljL£i3l <£j^)laj AijLLo .LjaJ £3 j^)a o^)aL JAjlaJj S^aLlSI 
. ^£1 <3 jg k>,\) ^-jL^ill 01i.\aH ( ^jj^^JI jjjIU ^SaaSl <SJ^)Ia3l a 4£J (j^AJ 

jlwVI jjjJj Sic-I Jjjla .6.2.12 

Lg’Ux^aJ (PET) ( (jA±u)f\ CljVLi3jj) ^3 JJ ciKaj QA AajUII Clll jIjujVI (JLaXJjojI (j^AJ 
C^Kq'l 4xJ PPA _JjAj\^j] L_fljl£j]lj 6 _Ja1j S-l^aA (j^AJ • ^ PPA Cljl^JJAj]^] 4_i3jl jl^A 

^j^AJ j . .IiaI C5^j Ljj^iaj ^JJjaV ^ S'' * 

. Aj2l.).1^]1 Jjjl^)3a3lj jIja3I 4_^JLxa c*6_j^)^I1a 3I CllVjJ-JI J CllV ^akSll <31 j] Axj 

SjLcJ 0jljj ^ja 0j^)a ^ij aJjaLa]] Ua ja tiLj^ii]! ^u^a^. c_iLjaj 

.6 Jja£I jLjJ^ia^ ^ djLLai^3 ^Uj c_iLjaJj .PA 6j PET 

-HMD S^jL^j-ai! ^JJ L_flLjaJj cJaL^ jLc. c" i Vi 0J^ja 3I 
c_Lii^j ^ja ^ (Transamidation) a13jIu3I *LjjI Jj*Z ^131 J u^V' 

^Ac. . 180°C diaJj CliLc-Loa ^^LaJI Clia^ 

ftjl^. 4 255°C Aic. jL^j-ajl 4-Lkj <S cLiJ^. ^jJaC. ( .IiaI ) J^j -CO 

. - s^A ^jAc. CjlxJ^jj sJc- i—Lk^aj l5^)^ • 83°C IAjJS 

AlulaJ! £&e\XSi .7.2.12 

.As, J\\A ^J''' ?• tll^C-lsj I “ (jl L_ajlSi]U o^alJI 4.jl^C- 5-ljjl (j^-aj 

AjAllajll dll j J JjIuJIj ojdaa-all j .Vi^VI tiliLaJ 

tg.~lV<a\l 4 jC._ jj Jj 11 a .4dall 0.5 i_s^~ djj (j;i-a7t (_ 5 -^- J lS 
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(jl2^l J5Li Llj'/'.. 1 * Jill Uj£4 5LLa3 .'ijiiiaia jjiljal '*' J..' 1 ''*^"' J j£Lin Jjj 

^ f O ^ 

IdJj^. AdjJaxil <£^)djuba]l .IiaVI CllljJ-adl^J . jJjJa^dll ^3 (J-ojcLolaII HMD (j-o 

a^jlg.x^a CliL^j^S (j^J (J ^1 ^-aJI (j- 0 (_£ jd^-oSI dll i 

(j-a ^ic-VI dli IdJ^^ <£jdjauJI .Iia^I dl^Ladl^f^ 1 ^jj^)ILq AiC. 

(_£ Jd^-Q ^iali'xjlj I ^)Jd£ 0ddAll (jjal^Jd J ^Jd-Cdl^dll A-^JL*-A (_}^jald . (j^V 1 ^d3ld 

(j] . o j^-ldll <dald Jjjl^)Ia (JLojtdjaild ^jdA^l ^dldd d.1^. (j^AJ . ^lild 

C_fldl£dlld S^aLII &JJJ; 1*JJ (JA AdtSd^JI S^)I^)^JI 4l^,^>A 6 Jdwaflll i^isyi Adjl 


. ^ £l\Jx$U (jj£d ^d£ JJ (_£-^jd 


jjjl jlaJ ^ia! ^dldd (jdlu-LQ ^joiLd JdiiA-2 £a PA dljdAdl Jj jjjJaAd L_lxx-aJ 

(3 lid J (jd-d ^dldd (jdl.n.LQ ^^JOlLd. JdiiA-2 1 ^jSxd 1-ll.ldj . AdJldlidil Sjlg-k^all ddl£d 

# * * * 

Ala. j L_i£,^all ^la^alj t<ial£ ,\uh ejnj Asiii 1 ,l5& j .111 j. aVI I jja.a jlj L'J- 1 ... 1 .' L-VJ J] 


6 


^AaiLa! iJi9ja£ Jutlj “Llliajll 


jIulaJI dil jjAiijdlj 0j|j^il .8.2.12 

• 360° C «^c* jig *«Vil 4_lakj ( ciJliiajj (jd^VI ^US 

Ij^J . Lui^aIa A^d^id (jj^ 2^ ^ 0«^d & j\ g x^ill Aic. <!d£jad jl J'pnILx-A Vj 

* * ss * > 

• lSj^ x H dd^^Alld Addlidll d ild^^A ^3^ cJ , \ 1 ** u *^ t A£ju‘Iia Cdl^jdAd] ^ u^“i iL-lduJI 


( t 4 .1.8.2.12 


l^dg.1 j Ad£djl£_L<2l adk i> (PP) ( u^jjj) diUdlj jli^jj 

<lilJa a2a£ j PPA Cld\ ^ nl j ^-o *^ c ' 1 g \\* >*>n 3^-°] (_> £a ^ ujA 

A Uk\\) PPA (j-Q l — ^ SjUa^J PPj PP (j x 0dl3-^^ Lq^-aC. l£^4* • cJ -0 ^ 

29 .• ^ 

tSllj Lai toa_jLadl dllll£jl]l jjls tjL2Lj . ojlLau ^aAa^ ^ys\ ji a 1 1 3 — 3il Adjj 

.<joiii a_l_jiauVL Aic- jjjoiaJl t^Laj^L S*_jLadl PP dllll£jp 

(jil jl (J-alc- AiLjal i_iaj I—UjoJI Ia^J .Ac. 4 ^. ji (jiaaljILa jic. jl-alljill ^jjjia (jj 
(jil Jill (JxljC. . (jii jiid jill (jijjjall JaIiLo aL-ujjj Ala. jLnil (jikaj i— aA^i j-ilj-al! Jj 
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. Aj^jAjg 4 a* ( ^jjAil j\ ) ^Jj^j CjI^jaj] AjjojIAaII 

Exxelor® j Polybond® bjld o js jlo aA& ^1 jjII J-d jc- 

. 16 Hostaprime® j Epolene® j Orevac® j Hostamont® j Admer® j 


(jjj) ^ gil> .2.8.2.12 

d! us* PA <*-* (PAE) ( Jl jt o^iJ) CjUjjIj £**. 

^j^aj j . AjILxJI A.dfa'il ^ja\I 4-a jlLdl J c 4_ijl_iAj£JI A-a jlLdl (Jja c ^)-al ^^.11 ^JLa^J ^jJjadj 

c ^Ax-all CIiVAaa (Jja cAi.^lLo CljliLjaj AiLjaU LjsLjaJ Ijjjuaj &AA ^jjjaid 

Cj IaI k>iA j c“ i\*i n aj c (Jjauaull CLAjjjaj c<Ijj jjJall CjIjjja]I a. ig 111 LliUlaJAj 

. 30 iliUSLall j i%±£l\ 

# > 

<C> IdA^a ^3 (JLaatHuiV \ ^Ajuj ^ja AaAaJI ^3 4 jIa^. 0jI^a 1I oAA ^JJXd 

o2A ^uojlj ci.llj.AA - -v \1 Wq\\ j cij^)^ a\\ z- HaC. c** 1 Vi £_LakH t^a jj^xk j ccAjjljjaHI 

dllaJjl j c . \\W\) cillil i 1 Aa. 4 Aj3j ^JalLa dll A lil jA^. c !yHiA ClL>L^a jll c CjlajJadll 

5_jlg.jnail (33 Aj ^jjjaid (j^AJ .!>LqI£ UIa L_lll jaSI p(Ja Ia^. <Aaid j^I CIjIa 

0Jj|_j ^)A JaAd <1 a 1I 0.5 |uA j! . c_jjt_iuj!l jJxujljJ 0Jjl^) £-a 0^a11j 

30 ** ** * is # ^ 

. ~ <LaJ! ^5 100 4 jjouj ajlg ■ Al (jS-ij W.J31I A jIujj! 

jsl j2l (Jxl^C- ^A cdlilLdl ' ..J > 4 -AjLq ^i]l j 4 -ajlH jiaAi ^jj 

(jc. i_i]jll! ^Uj JjjL ls* (jsljjll (jqVn . 3 ^ EjA? 1 PA ciiL^jjljj PAE 0 jIJ>J 

.0 £ j& (3 Jjla 


( jjaI ) Ap*' ) ts^Ji .3.8.2.12 

t-EjjAj] Au>iLa. (_5 jj12I alq! _j 2I JaSa JaxIuij PA CjU£^o 

^sLiAll AajlL. 1 ^ r-1 . >id '. V- lA__)Lj 4 ^ i ihj J^c. ~4 ’ Ao jlLo 

V Lpj^. ^jlaC. jj a jji_L^a CjLuiS ALjalj Ac. jVu ^»LaJ (jjj! j]a Jl 

. 33,3- AjjLII PA jji jlA° 
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IjjjJaC. (J-lx-o i “ n ijJ j A^LCaLj (J. l]j (j-o A*j| 0 J^a1I 

. A.^J-a.o C‘ )\ ^jljxu CjI j Aa£j-g Ajjllj jl^o ^jJjSjI 

ljUUj .9.2.12 

(JjJLjaLJ t^jjllx^J AijSi-0 JISj^I Clllj £jL>CaJj AaI^Ia ^AjuJ ^5 PPA £;lijb^J c > illVn 

Ajj^.a.^.a 6 iC\£U"i A^,_jJ (j-o AjjjS Xic* CjUJjIjII 

jl L_fiUlVI ^LllV (J^c. ^-Ca.rvJj . ^ j£nll jl AaI j£ll CjLiIaC. c-UjI (JjjUs (_>^ 

.A*ijj-o 6^)1^)^. CliL^,_jJ .lie. Jlc- (j-saS (filial ^C. (JjjIs Cial nl JajjA'l 


u&m i J+*Si JjLdu .1.9.2.12 


AlJjJa LCM aAjLoiII Aj£j-a 1I jlj-oll AaI^ AlJ^jla (I)] .A.jlg'l&l]! d GjaIj 

cIja Ail dll jjjjjoi jjjJaj (JjIaaIIjj . (_£jl^)^ll -llj^aill dll jj-gj ! jj ^...iu^'iI A^jIjCIa 

J^iaLj iSj^- . AjjoiJu^Jl dll jiaJ jill qa (JJa J-lxl Jaa3 Ujl^)^. Aldd AaIc-UlI AIiLoJ Aa£^)A 

J^ViaII Alakl dll i PA 6T/6I Clll jaa jxA jl ^Ic. A-uSaII &1& 


. 37 :L 


•J-jJ .Vic- i_y^2 JjaJ ^"AA .135°C Jl_ja. ■V'c- S2L2I jg - --"'i ‘ >.;** ' "“ , " -Vic- 
-lie- (j^lj .J22JI l jj'~> - /ill £_o >ialiLkjVL ■J.jJll >a1uiJ .102 Pas Jl>a. l&J-iij 
.8 ><221 Cj^j 220- 290° C JUxll Jj -<2tx- sj ja. C:U>j >Lj 2^ 180°C 

.jjJiladll aLIS (Jjjjujij A.jVq'i JIaj AJjLJI <u£>a 1I jl >21 <L2jl AijJa >1 Jl Jllill >AjoiJ 

PA J>jl {j-A <£>ljaui V-il jia V > > . ,a21c-Ia 2I « j' ^ <^11 ^>a 

- 3 ^ e>l g < ^ill ^Jy> CjlJj JLaxlujlj ( j>sl Joil ) J>2I jl Jj> 2I (Jj>iJI (jjj dili 

•M > 

(jjjjj j jjj j i skuS^ (Jj-o Cl (J-ojtJjoijj 

. ALaiLaii] CIjI^Aa-q cAsslj-oll Cl jLa£j-q jl 


La-q cl J Uni '^11 <Jc. Lilli Jlc AnLaJl JaLilll ) djl_i£ j-oll oCA c^ll*lAl 

jjc. aIajIa. Clinic. Ill (“i.h'i ^jl cilli AaJdlj .(jjUll ^ 1 j nti'i (J^^ 3 ^-oLaj (j-oj j ill-Vn 

. ^j^llll (Jj-q c AjjC- j-q 
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(jjmll VjIj£ja O* ^jjjJJ (J^ L r 1 ^J -Q (j) A^.j A&l 

£A ^alA^yUI (Jc-lijj ^alj£V (_>^ J^j^' LS - ^ lIj?*^^^ ^ 1^4ja S_J^£Aa 1! (_£^kVI 

^)jjau]^j]l jl AiaI ^tVia ^jIjj ^11 AiLiJal (JjJa^V 1 j . (jj~> infill 

.S^-aLJl Jc-lLo (j-° A_^.J^)A. -lie tillj J S^aLlII A-i\aC. ^3 ^)Jg x^a '1 


u^IjiJI .3.12 


( AiaI ) Jjoll l2j!^)Jaj\^jj LiJ^j^. Aj^jJaxJI ( AiaI ) j^ll CAI^jajI^j ^ Ail] 

( Aj-d ) ^Jj^Jl CAI^JaJjJ (jj .AjlSJJaII C1jL^.^)A CljLlnJaJ ^3 (JLoJtJjal^U A^^JJjouJI 

Uj^^. AjjUJI ciiJlASjj C1 jIa^,j ^^ic. (J jlV J&\ AjjjUI c. \xsi \ j I^Aa AjjjLII A^jjjouJI 
SA CfiAl^JI AjjI^^JI lg..>^al^A.J ^ya LA. A_^.^j A3 j^jjla JiSVl ^Ae %40 AjjoAj 

f * O /" ^ s 

. Llfiaij 4jtij^>x jl^_L^jl Jallj a 2& PP A 1 - 'I A j * j 1 4 il W’iAI i* - '! nill l^j| j| 

IjiiS jjlikJJ V ll _^all slA - ’’Kq < l1iL^,j 1 jla Cj_£^)i.i 4^_a. (j^J • 290° C ( _ s JI_j^ 

lit 1 ' A"’ c AgI j • Jj£l e J 1 . ^ .All (J^jlIlI Llllillala (jli * 6 11 M . A y ^ ^ ~J Jalaj 

lie. jg.^n cPA 66 Jlo jl. g . ^'i Vl Jaij Llili PA CiU£j-o Jjaljj 

•PPA t> O 3 ' >(4-12) Jj>l chi - 9 260-265°C 


fojiKj-D o-ljill .1.3.12 

A_*AaiAAAl! (4e Q^* \i IaS tAA jdlll AjJaiAAA ajlc. PPA C1 jIj£^)a ^j! 

2jj^l Vi • Ajalll jLu^.1 ^3 ^Jjj^aLq JAaJ !^\ ^aA*Jj C AiC- AiUaJjal^U 

. ( (2h^ jl ) C5^ ^ JaIIj O^Lal^Jl J Aj jJII 


oaI^I .2.3.12 

A ill (jljjV 1 (j-° aLoJjoj PA 

£i\ j±aAjA Jj^VI ^gk j.. i j J a V il l AijjJa jjjj .(Lanska) (Jj5 2 ^ 

^ic. <_£ CjI ^jV .Sjl^pJl A^,j^j A j 1 1\ y\\ ^Lt’u . 40 PA 

A^.^)J Ale- Ail V) SAjujSVI ^.Jraii jl ^^)joij AaIiAa 

Al^^UI 6 AjujSV 1 (Jelijll (j-°j ^ 6 250° C AliV S^)aL aj_^. 
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39a Amodel® AT-1002HS :(4-12) JjJaJ 


(jA jLgII 


“Cojill 

AlLaL^JI 

ISO 1183 

g cm -3 

1.13 

2fr<\l 

ASTM D955 

cm/ cm 

0.020 

£-0 CL-lllil! (j-alaj 

ASTM D955 

cm/ cm 

0.021 

CL-lltall (J-alaj 

ASTM D570 

% 

0.5 

Ac-L-u 24 teLall .AiJ 

ASTM D638 

MPa 

2760 

AjoiII <JaI*_a 

ASTM D638 

MPa 

83.4 

Juioll A-o jIaa 


MPa 

68.3 

Jj&\ AjoiII 

ASTM D638 

% 

5.0 


ASTM D638 

% 

11 

^ *4 \1 !a*^ i ,'l 

ASTM D790 

MPa 

2210 

G-LiajVi cJaI*-a 

ASTM D790 

MPa 

103 

G Li^_iV 1 a-g^ULa 

ASTM D732 

MPa 

64.1 

A-g^ULa 

ASTM D256 

J m 1 

128 

^ jIiaII 2j J) jl vVxi 

ISO 180 

kJ m ' 

12.6 

^3^ Aa ^ULg 

ASTM D256 

J m 1 

801 

^ jllalj ^ j jj| 

ISO 180 

kJ m ' 

177 

^ jUgII A-g jILg 

ASTM D648 

°C 

163 

L J cDTUL 66psi 

ASTM D257 

Q 

8.0xl0 13 

A A_lC.^ill AjuIaaII 

ASTM D257 

Ocm 

1.2xl0 16 

AllAa-^Jl AjuLgaII 

ASTM D 149 

kVmm" 1 

16.1 

A-ojI^a 

ASTM D 150 


3.3 

J jxl\ ljjIj 


Slovay Advanced Polymers a 
23°C b 


j&Jli Ua I jjIj el J)j jjIjj 


V*^\l cilfLiill ^ \j x l-lia • ^ \ ju & AjjoiLoiVI J 

^j.1^. (jl -6- -6 

4_AJdAj L_3 ^LoiVIj AjoI^IjJj . l4j UA^l (j-G .liA^I (_£AI^I .A_liajalJ A-ll^^Q 
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(j-a .A_ijl^j]l 3-03 CjIj PA 

. ^ X 

iS^- PA CllljxaJjJ -Lai£j>dl ciKidll pljjl ^jLixu£ (Jjllj Ja^ih 

cAj^jlllll Aj^Jaxil djljj-oVi j jjnsl\ (Jj-q S*1ui£I Clil^LjaAJ Igjm'n 
.^L^jVIj SJiui£VI Ja-mj d^Lc-lift ^Jj jjVI 11a £^.jj • ^ Ail*-<JI 


A^u^l ^IjiU .3.3.12 

^Jj 4(J-a 4^.J ^k'' 6 ^)LuoVI Clj^a. J AjjLlqjS <LgjILg PPA ^)g.-laj 

4 A_l^ljaiil dj^j^ilj cdiJjaLujjJxaV 1 (J!La ^jjdi^ll ^.3^ 3^* ^kojULo 

• ^ J-3 j£ll J-<J J 4 ClAj_jUaJI 

AlaliJI cAaLiVI .4.12 

C 

4&Aui£VI djI^Lja-oj ClAlm^]! ^A AjlI^^I ^3 <U-<ixIijauiil £-1 S^IHx-aII CliliLjaVi 
4 ^^ xn^nll ( 3^2 c-*K<)Mlj 4 (_£_jl 3 ^^ t/ixi 4 L_ 1 ^_ 1 ]I A-gjULg j 

Jj-laJl Ij . CAj.^Ull J iA.X,}j^i\ J 4dlli^iA]lj 4L_l]|^]l 4C1 jI^]3a]Ij 

.djliLjaVI 6 3 a (5-12) 

hll*l\ .1.4.12 


AjJaxj A_i1a*J 4(Jlc- (_£ a) Jllq! lJjLiIV^ -lic- 

Lxu 3 (JjJaSl ( WollaStOIlitc) 4** \f\ jj\\ .<l£jaui <jl 4_2 jL<JI 

LoiLoll 3 I 3 ^A 4** ^ ^ \^lxx)£^J)\\ • * 6 j-Vi I JA j 


CjI AjjjJaC. 3JC. AuILq 0 jLa AllL-aJ LxjLoi VLajlIuiI (J-axjjujj ^Aj . ^ ^JjoJI^II 

.» # 

JLdxjjajlj l-i.i' 4 --. V 1 . ■» ^ C_ll: y.^j cJaLiil . 4_i] /ql’ j! 

. jj^iLuu Jjjjjj Jj A iuulc. -y jl (j^Luii jjjI ( _ s j 51 j (Jjj j^)j jn-J -y 
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26 U_^l\ LjlaUfll :(5-12) Jj-saJI 



(JLaXJjujVI 

4iU^VI 


O-lia^l jLda-a 

Uc.1 ja AaU-a ciaV jjja 


o Aj_o^I .4 . ^-» -a 

Vnul Vi djl^U 

A_i^_uiiiill 

Jjja Aju^iVI *1 jl d uLq 

(JjlluJjj jjjll 

4 <-v .i'nll 

(jj3 AjciaiVl £■! jl *4 i na 

dj^UjgulUnll djli£j-a 

4 <-v .i'nll 

jjja AxjoiVI $•! jl C i n<a 

(J j jlj JJ djli£ j-a 

4 <-v 

(jj 3 AxjoiVI £.1 jl i* 1 iLa 

(j jka dll l^j*a 


L_lll jill jj jVl j-alc. 

JjjliLaj J ja£ 


L_lll jail jj jVl j-alc. 

jImIAjuj . . j^^yta 


L_ill jail JJ jVl j-alc. 

4Aal jl^ku JjSJl -N djli^ j-a 


a4j-ta Jax^q 

dil jUl U^ll 


AjjLjj A_ilLa a^La 

A3>i>j cj iUii 


AjjLjj A_ilLa a^La 

CIuJjIujV jj 



( UiJ^ 1 y4-“) 


.2.4.12 


Jjsl jJ (dill (j-o ^^lc.1 ajl^}^. die- PPA CjI jaaJ jJ (J.l».diJ ^-X-l‘l-1 

6^)1^)^. A^,_jJ (j-G AjJ^)3 (J-lX-ulill A^,_jJ (jj£j (jl (j^-CJj .AjjliJVI PA CIjI^iaJj^ 
. 47’ 36 ^\\ jLa j5 CjLjIgc. c.l^J cJ^ dimiSI (j-o ij V c l_jjjoi 1! IdgJ . dKq i'I 

.S^jJxuC- A^L«a CIjIjjuj^jj (J£jolj l 111*. jJa Jj £-0 £jj$Lu 4J jla.^ VlJjii CjIAaC. £.Ijj! j 

^ jla£ Jaljc.x^ajl d* i,Wj (, ^j-o Aj^jIj]I dKq ill ^jl ji j SjUJI CjIjUJI V LoAk^j 

n^n Lq-q tdlli ^J-q ,1*j! l_iSU 3I A^^J ^ (j- 0 J • AJdijll A.qJVi^ 
^ij . j' $ > 11 ^ Vlla..U ^ » njj AjLoC. (. <al qjj L_L^J l^i^lj .gJIJjjujI j g-jj|^)ll 

^h")! CIjLAaC. ^j-Q tillj ^jJC. jl A_Jj£]| $.^Ua Sjlc.j .33 tdjVl^l 1 jjoj! 

.SjjjoixJI CjIjjojjjII <jj£j c . \ Ut Q cA-alSLall 


(Jl £3 jJJj tlx-Q (jl Aj^)iaC. SjLa£j AjjUJI SjLol£ ^C. PPA CjI ^)J-<ul JJ 

CIjI ^j-adljj A_ll^. ^3 A^JL«a A.ASk.iH AjjlidlVl PA djl^j-adljj AjjjjLojV^ <— i fljl-x-all Cjj^ 
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(4-12) jLilt .wi j (6-12) A ] 4 ; j * II PA 

•IRGAFOS® 12 


( i±a\ JUi ) 4^ (j^ SiuiSSf! (JjljLiao :(6-12) <Jj.iaJl 




fi .'aAV 1 - 


2 4^3 s_~33 4 . ^ 


46 

46 


46 


46 

46 


[ 4jUj ; uj_)j( Jji) 3 -4- lIjjj- A ,l 2-5‘3)-3 I (_>«AI A - 2A.AA 'A 

( jxal ^ojj. jj4f4 -4- J4A~ -4j!i - A A -5‘3) jjlm* - 7 N 4 N 

Lai£jl ^ljj[2‘3‘l][f‘d] jji? ^jUj( Jjjj) JAj-o c^^-1‘1)l>^' j2S-10‘8‘4‘2]]-2 
JAi^ ^\jj-ltl) jS-10*84*2]]-2] l>^ - N‘N-[ jl [ J4 -6- Qini^ ja 

(jxd u^j [ JAj) - [ ls^j' [ <-fe! ~6~ U^jl c pljj[2‘3 t l][f t d] jJA JAj] 

(IRGAFOS® 12) 

^C.LulA oAajJ^I ^1 xSIA 

-4- JA^“ ^^-5‘3)-3] (>UJ j^Lla] ^Uj jjj-2‘2 

[ djlj jAJ J^)J ( (JaIiSI 

J^)-3- jiluAl] 


A-qVI ^j-saall (j^-^ cAjjUJVI PA CIjI^iaj] aJU. 

(Jj-q Jjlx-c a Akti£l jLja-o t, (Jj.ar- Jail ^ A* ^ A-^lju\j 

4jjUr- c ll'nA ( _ s ic- AuilujAt 42]jVt oikAVt AljLj=uo (jl . ~ cJjA 4^ - A JJ - ^Ljj 

liili (j^s jiAl AALtill ijAjj (jAajj .PA 6 oAjaiSt ClALc-l&i] 4)1x3 C. ATn .a 4 j_jjIj 
^ ic. 4 j_A 4a 11 4_2 ^0 1 oAxuSV^ AljLja-o (jli ; ^JAiLAlj j . , . aS oAm^I 4 - -i ^ ^ ^ ''31 j 

. 48 PA 6 Si-si ^ 4JU«i Civyl J ijLill 

qj£j V (Jc-lilll PA Ail ^jJal ^11 

iAxmSVI djljLkJa-0 A_1^.U J -0 LS^" *0^ 

i^3s a*j PA 6 S«iui£! (Jc-lflu ^j±a^\ c!jI3 a^jjiv^\I c1)IIij!1a]I ^ ji 


CjA 6 
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C5 !c.Isq]| JLill LujLujI ^a (_£a]I (Jjjoi£ jl - N ^11 l^j-Lud^i l £ ^ 



IRGAFOS® 12 AIL :(4-12) JlAII 


^jiALaJ ^a^Jjallj ^31 AjA^Jj 4^L-a AIajjI^A ^j-Q dllliLaA (JLa*«Lui! a3 

•IP A j HMD isj^ CjI jaaJ jjj PA 66 dimiS 60 ppm 

.A_^jJaxJI ^aL<^.VI (j-o (Jjjoi£jJ^£]I AJI 3 ] Lpl^C- 1 ^A (JjjL^AII C1jIj£^)-g 

<jl Aj-qI ^Jj31 ^j-q ^jli3Vl s>3?*^ SAjo^I -la.u \ \ c. ClAlifLJI aAA (Jj-q A^Ljaj j 

j)\ ^AIxjjV I (JjmVl . ^)Xg3^31 ^j-q \1 (.4^3 \W 33*^ 

C1jIjI^_1]I A jIi in JXJ JL^aIj Alpl^-Jl ^*3^ LS* 33^ _>^W (jc- £_£^paxJl *3*31 

fiAC.15 ^-Ic- Ajoi£j-G Cll/U JU*J.J AAc. APjl^jll ^J-«3 ^■^ c ' 


^pa-A^.11 ^3 AAc. (jAai*Aj3 .Alpl^j Aj-qIjjjujI ^°3 CliLil^-ill A jlnan J 3 .PVI 

l** n/n .^jjLoVI (j-° L JListJjailj Lxulla Ljalikjl Alijl^A 
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PA 6A_JLxJI A.iu.u.^x.'l PA djl^ixul^ 

(J-gI jC. JUxluL C<Jjl^_ill j)-G ^illfl CljLiA^ ^Ull cLijj^. 

* 

C' n m diliLjaj Lag.*i4*^ij (jjjL^jJI .li* j ^) j jl jj Jlo i** n rn 

(7-12) jjjjj . 4-ijl^pJI S.Lui£VI c-ljij PA CIjI^j-gJjj 

j)-G CIjLia^ jjjI£- -Iiq! (JIjS j ) -g A^jjjouiSI CIjI (_£ 

<jj^l J ^ic- ^ ^ .^gjail^j C ifu j ^g^)1I 

j jlSI 4-LalLa) ^gi <JjIaLq ClAixll £ -iJl -lie. JjoJI <LgjILgj 

CjL^.jj ^jc. 40 1 60 a^uiL (jljjJ jjjl£ ^c.l_jj : J ji:& ^ diliixJI 4 jja 

JU juLuj U cjL lu ijV 1 4_Loj)! ^IjS 1 25 ml cJ^l O.lg jjSjJjj Sjlj^ 

^slj .30°C Uji zjj*. .Aic Cannon Ubbelohde £- ji (> <a.jjl l>“CLs 
* 22 
(JjjJall jpoi^J J ^ t 4 *>. ' ^"'7'^' (jiaj 4jl t _ s Jc. (3^.V (Jaluix Cliaj Jjijl 

.AjjSjjH i«Vl 


^ ^USVjjjIS- ja«! JUa <i£ jiuudl ul <_$ jl jaJI j! jSiuiVI :(8-12) Jj-iaJl 


jl-liil dA&LuiIlj j-ajll 

■lull' 4_xa jULcs 

^ jjlll 

Abigail ja jll 


iUI 

^ %50 



nh 2 

COOH 


210°C 

220° C 

kpsi 

dig" 1 

lieqg -1 

lieqg -1 

Cu ppm 

1125 

960 

30.8 

0.89 

46 

56 

250 

1635 

1120 

30.9 

0.89 

62 

34 

196 

1565 

1340 

30.7 

0.92 

71 

18 

246 

2090 

1570 

29.6 

0.84 

100 

2 

231 

1075 

840 

31.7 

0.93 

39 

54 

121 

1265 

935 

32.4 

0.94 

60 

20 

113 

1480 

1175 

30.0 

0.92 

67 

22 

127 

1620 

1330 

31.2 

0.90 

98 

0 

110 

800 

685 

29.5 

0.89 

60 

46 

2 

935 

735 

28.9 

0.89 

65 

40 

1 
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l-lLpjl Idajl -il-ijj L_llt jail dA-dfl jlduijV 4jijai^ 4j_jjlli £cjl_^j ilk 


t_g ji-d V dAjj£jj]l jg ^ V t4ay<w'l j . djl^jAil J.ddl 

dll JslAtdV Anjuidttll 4V'U'I 0 i) jil) (jj£j ^dalj .Uu^xii I^IAjouI 4j.i-d' d il.Tn.a ^c. 

jjxol Jjj) djUSj-o ‘ J.A ladll 4 IjVn J (jjjJI Ajllc. aSIx^o dlVjil3 AiLdal ^iiij 

J> 

c<_£jl^)^JI j! jSLatfl <4) cCljlc-Lix^all £>i& .VunU')ll CjIiSIaII C t 111 > Ajjjlj 

.A.Ujj^q a24 


cjV^*-4 .3.4.12 

^ Jj-sall ClaV .Ix-g . ■ \}» J (j-°3 tSj^>x-G 4444^ PA ^a-L-all (Jj-lstJ (jl£ -ill 

^un^rw j C^bjSI Jjj jj-n j (jjUnVl ^j-o 3 j j£-<2I i4j\j^£V1 CjIjj-gJjJ PPA <Sl^. 

-laj-li^jlj 4 a * ln.o'1 1 CliLiiaUa-Q <jl Lg£ .cilnlLJI -lij-li^jlj c j \j\j^SVI 


26 


CllV .Ix-g ^j-g (_£^)^.l l-C'l^jl (Jj-gJ c^lulLftll 


u^lll cjUk^ .4.4.12 

g- laia.al ^ajl.wa^v (. > i\)n n djl^iilaj ^3 PA (j-o (J-gxjjoij Lg-I^C. 

£joj!j Jjllaj ^ 4 ^ . L.-igi ^Jnj^G AiLjaj ^Jj g. jj'sWl ^j-g c L-Jg-M £ ^Ja..u 

^4 JLgjlLjj^U ( jluij) ^4 j4 ^ Ji 4 ^ JJ*-<JI *■. ^ g-^ Inn ^J-C'4-‘a t - flAjSj 

(j^G.inl l_i£^)-g £-g ^j 44^ ( ^jJ^)j‘i k n) ^4 41 JLaalJ .PA CIjI^gj] jJ <UL^. 

-Iloi^jI ^j-g A.U?bJa C1 jI_ia£ AiLiJal Ale- g.ljVI jmVn . ^ djljj)<oj ill (Jj-o 

ajjUJI ciy^f\ ;:;Wli SjjlLo ( 4-^1 <■“ A n^ 4 SI ^jl^^JI jlji^VI (jj j^um'K'I 

,g,ljjjj]| , "n >. *)^ j\ jl ■ \j * >i^4 

49 * * 

. 4jj JJ-|<NI dilaj'i-i"'') 4jLi. ^5 <i _jJ S-liio t ^ Ul /•. lad djLuSjj jnx.Vi 

x< > « 

<A j\l f- t ** 4 ^n. * < '< 4\ ^j| \ \ ^ t ^^r^- 1 ^ ^ g <j . n A-lll^. 44 ^ L ** 'I ^ ^-aII 4\‘< 

^jLoiaII ^ iW'i.l j . ^^-^41 ^ u ^ 1 JJ^ cJ^° a^Ajoi a_iajoi 1 I 

qa AjSIa. L-l4 CliUi-ln,^ (JL&xIlml tilliA 6 <4:;^ 4^4^ 

l^£ j In aril PA 5-!L^ ^4 (j^ 4^4^ U -0 ^ 1^ 111 djlliaxo ^jj . Cljl n^4'-4' 
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.Igjjisliui (_ 5 ^ c - AlLdl PA dil jjxj] jj LA A . ( diL jiui j3) JjJI dAS^o ^_a Idja- 

.Aidl 15-8 ^1 l " il j ^ ' ( diL jLut ji) Jjyll ALdal l__l^j 

J.IA ) \ c-li AjjoiJJ^ll A-AA1 ^ a^jdAa (j-A^jj 2^2 ^jLLj .\uAjl (j^A,} 

- i . 'g I" ^al_jd \ * ..'I - **"' J PA dll y AlLLdl 4 J A Wall o^gJ> 1I ^j ■ .'A . ^ ^ PA 

Cjliuks .5.12 

(j5.Q} (^L]l dlblllia2]l ^3 (JLoxdAU A-ool^ ^^3 LijA^ A^jladl PA djl jj-g '\ yj .Adi 
^ dlLAa J dlWuladll £>2 a (_Adi .Ajuilii dllluj . Allc Sjlj^ dlL^.jJ (j| 

dj| j-il j c dll £ !>Uaj i dll ^)ljjai]l 4li.ld-a diULn JaJ j cAjjjjSIYI jl An! dll ja^dii] 

• dujall dll ja^diil j cAUail dll j-ll j tfJjliaJll Alidl dll j-ll j C£tlla]l 


(jx A]ld Jaj^jd 


diljjjjGj PPA ^Ijjl odxJ ,_£jl^pJI jljiluiVI ^di 

. ' 1 A_ii j IV I d il g ^ All ^3 A L ^i jll 


*ali£ll .1.5.12 

jl I jl/d dljjdui AlgI (jlS lit La ' ;W' Ajj^>dj S-Ac-U ^Ijaiil l£ _)?■ 

; Aj£dl dll jAAjij-ali AS-Ladll Ac-ljill ^^dll dlLaAlxa^ i _ 5 Jc. o-Ac-ldl O.AA -Axuxj - 1 j' AV 

jl^-dVI Jalii dll j PA dll (jl (jdi 333 . Ajjaa]_j2I <LgLg11 A1SJI <dJI {^3 
A: y ^dl dil ' ^11 (j^o Adi ^3 80 (j-a jAI A_ud A (jld hi Aj ^L jj j;A AAi^dl 

.n j'y Ai II idjl ^ja-ad _^dl LA-i j LI ju]| ^Idul (jli tiili] .1 ^JalYu 

AjjLII PA dll jj.x ll (j^5j A g^C- j . /l G-ll] Al j^ajl ^j-al ad]L jl jll linji 

(jAoj . Li jjL (jodj I j'u^V (jl ^^Jdua Alad PA jaj Ldc. j I il j . AlLi jjc. 

^G^XJ sjL1g 51 II Ajtlilall (jJc. (Jddil .jJxJ^ill j' < ■ --» 'I AaLi Aa^LLol 

. ^jl^a-ajl Aad J J=LJ 

jl j'gI ■ .'I i HMDj IPA g— cA ^ L- AgA>g1I 'i ^IdoLUl PPA Al j\a il y ^IVd"! 
frl^)a.l ^IjJ^I dji An .'ll s A ^jic. i. ^ 'L"'ll j .Alldl ojljaJI -lie. ^jdAdo (_^di J 

^lii (jdiika I_)£a JAi-g (_jjLLi-4‘2‘2 U -0 ^J) 1 ^ HMD S y^. 4dal.adx.nl 
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PA (jj cs-^ (jA m« I_)£a JAj-o ( _ s j^Ij-4‘4‘2 j 

. ^ AaliA (jxaVl ^Laj jtmA-7‘1- J/\; * ^Jju-4‘4 j TPAj ‘4ju. fy\ j-o <j jS-alt 

(jJAlo JjujI- 2 J ^Lj (jAmo ^ ml .o-s Jjjxo- 2 (jji (3fui La 4il_Jal 

(jial CiLLljj (jLiix (Jjm^A jiLua ^Ljj _jiial t _ s 4L-ij - ^4 ‘ 4 - J4ii-a ^\Z-3*3 j (jj-aVl 

. Ail q *'» ^ I ^J! ^ IPAj MXDA ^ ^ jjl La£ . 4i\ i241 PA : ^ ^ 


PA cjljj-aJjj J14LVI ojl^. (8-12) Jj.iaJI (jljj 

^ (NPDA) (j^oVl ^lii <iaaj S-iLij (j) .a^liLa^Ul L^A? 1 

j> 

HMD Aaia (JaxILoiI I jj j JlijjVI a Sijj 

. ^Uajll JlailjVI &jl^)^. 4-^ 


^ Ujj^ AjjJa*Jj PA dl J^°A jj JUlWI SjI ljL^ jJ :(8-12) Jj.AaJI 


[°C]Y T 

4 jjSjjII 

127 

TPA/IPA(40/60)-HMD40/60 

147 

TPA/IPA(40/60)-NPDA/HMD(50/50) 

184 

IPA NPDA 

188 

TPA-NPDA 

190 

TPA/IPA(60/40)-NPDA 

213 

NPDA- , '.;\; “'8 ji ji C j4'-^L -6‘2 


f UU cjLuSj. .2.5.12 

A^iajoj ^AalLa l^-ia JI£joiI dll j ^Ja3 jl ^Ac-^La ^jl^)A^JI A^iajoi <A JLa £_laa -IaC- 

a^A Jj-a j AjI^jII ^^a ^-laall a^A Aj\ j 5 l^Alhaj <_£^)^.lj u'j^' 

(jl^-^.1 dj?kj ^kl L_llli ^jdtJaall ^JjjIa £-dj tAli (j-G .^Uilb £-la£ll 

* # 

^j.)g..^kj]| ( ^9^ia ^Ac- 0Jjl^) ^ 6 (Jj^alill Ja^JI l^g.daxj 

. 2^.1 dllj Aj]^1I j\ i ^L^aV Ij 4jA^iAI axu\j a-jV^'AI a Aa ^-ajd . ^ I ^ ^ ^AjI qi^ll 

I ^ij Lo ^»L^A] ^^kl ^jl^Ja (J^Q-d 
c ^aUJll . 1 
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c ^UJll .2 

cA fUM .3 
^IjJI f UJll .4 
tA^LaJI A-^aL-alL ^UJll .5 
^LxjoJIj ^UJll .6 

6 jjjUlj ^LaJll • 7 

. jj! jjll ^Jlc. (jj^ * *n\U ^Uill .8 


(JLaxJjojI V . A. ; jjJa^a ^)JC. ^aL^J A-gjILg _^Lall 'Lo^jI PA dll^LoJjJ ^JaJ 

(jl nj i^l^lll A-o jlLo (JJjoi^j (- Ogjj ,A_Jl C. ^aL^J A-gjILg c < ^Li'n ^Jaal jl joill 

. -^3, 32 ^ o^liLo Ijjja. Aj^IoC. PA dll jxgLI^j ^Ic- Ll-g (j! ^ C1 jIjj£jj 3I <_£ jl^j 


CjLia£ Ailda] q C. <C- jVm\ 1 ^aL^ill Jjj|^)Ia ^ ^aL^ill <Lg jlLo (jjai^JJ 

g£-*j . ^ q j \y*u\ l PA JJ jXf 1 * V Isj^" PA ija <1a1I 3 

Ai^.^ l^jjl,g. Arf o £■ j-oj *4Sal j-<JI 0 jjI^) 1I diL^S a2^jjI^)1I Ajj^jIII />V‘i 

jl ^)^2k.xiSl (j^L ^3 U.U^a L^.^-0 0-vl^'l ^ic. (J jooa^JI 

i(j£nlL A_2 j£]1 ^ A A nl J\ Ajj^jjII JIaxJjoiI .aJ j£U l^C.Lja^.1 (Jj3 jj^a'I ^iljjl 

• g^3L 

PA (j-Q aIaSI 3 £-* PA 6 (j-a a1a!I 97 ^ c5j^ ‘cJ^Ldl ^^Sc. 

^1 (JjS j .AjaJjljlt PA Ajj£^)J ^ja Clllj_j£ ^j^aII ^j-sanj La^anA L^,^ja 6I/6T 

i^ax-da (.** Ac. Lai 24 Clllj^)£il c — QjqVi ^ (j-kkaj jl (3^-V (JIaxJjoiI 

, 32 110°C .lie. (j>,iVu 


ULj^S A^k^l ^LuJI .3.5.12 

Laj A-jilaaiil ^ja Lujjjoi^a Ij^C- Cilld^pkAll djlj GjL£^)a]I (_£ 

^ ^JajaiJ Loi^aLq 1 UuVl Aj^)JtI] ^LlII ^^Jraaill ^jjai^JJ .A-lilla j jl A-lli^jj ^al^)C.V 


.6 La AjjoilSix j 1 V 1 AJLlSI ^aj^)^ll 
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^3 .IC-Loi J ^^3 LiiLilaj L Jajt 1 x >ijl Adj^ll ^-aLic. J 

^ja S^jjl W‘lX)\l jl Q^j\ 'S 11 /j^>> j Aj^jxll die- jl ^oL-aJ dj jda. die- CliLoAx-all 

<jjdj j)x^i\z. ^ic. ^I^aII c^jdxAll (Ja Vn ^jl (. * A_alc. S-ldjj . (JjJ^jJall 

. /tiVij jl j\ ^JajoLiJ ^jl 


^Jaall ^iixj ^j£lj ^.Axa!! ^Ja ^ \kA\ Clj|jljjai]| ^k Ajj^JI ^x-saljc. ddl£ Lj. \) Vq 1 
(jJai^d tAjjl ^ja A-o^a ^j-IxaIIj A jU^aII <jjldUt ^ja AXi.^1 

^)3j ^Jd^j ^j^AJ Ia£ . (J.iIxa]I ^ja ^)j£l ^3 Ajj^)a diiiAJj ^Aj^^a]! 


k-a-a]! 

UJ J 


.AlajdxAll AjJdA (jjldlll ^ja ^jjj£j .lie. (jjjjjoi^-a 

- ^jjjjIj^j- JLg tAij^}XA]l A-iUaxill (j^ldill ^ja £joj! j ^IdA 


(jLS ^ J3. -a^il ABS c-^Ua .(PC) ( djlijjj£) c(ABS) 

(JIaxIuj! .lljxSlj CcLiaII L_lijljlj cAjjall^]! ^IjLx-axJ! Ja^A (JjA AilJJ^JJ 

a.a^.a PPA CjUjjIj ^).y.u."i .djI^jlILaJI l_jI^jV a jD^aII ^pajliAiS A'\kj.si\ PC 


.aJIxJI djL^,jj djlAifliil 

djLiiijj (JLaXJjuAj CjIjMj S^^Iaa!! PPA djl ^I V \\ ^JA AJjSaII AjdXA (j^AJ 
djLndu Aj-aLkJI PPA £x& f\ >*n (jiaxj Aj.1xa (J^aj . ^ ^jL^£^UI j ^jIj^^II ^.Uall 

: ^Jj Iaa djLii^ill &d& (. \W"\\ .ABS djl^Jil j ^a (JLsixLol^U s jjI^aII ^.mi 


t dlij^J' (_>aA^ - (j^aAS k (Jj'^ aj . 1 

C(JdxA (J^I^aJ ^jaaIaII A^JIxa .2 

ijjd J-Aa (J jLa ^Ja J)4-s.a (Jj\r\.A .3 

C^JjalA ^daA^ (Jjl^.A .4 


V JjI^a .5 


Id^. i— Jxj-a]l U^J . (J.-IxaI] ks"k\\\ Jarik^Lj PPA djI^jJAdl^J aJL^. ^^3 Ail V] 

<C.^I1a ^I^jj3I iS^)^ ^ J .^dk-all aJ^xaII s«._j1aa 1I Jjc- PPA L “ 'A j ^glla 

. Jjj-v"'" (Jj3 Lo 4ij;'ill jLo t<iij|^lll a j ^AstAll Jail (jjj (jL-aailVI 

• PPA “ULi. ^ S^C-tj C' u^ijl ( _3jl^>la]l o^A ,j£J j 


466 



^ JwjlII buj jj^Vill 4_4 jlLa : (9-12) 


[N]\ jiwialill A-gjILg 

[g 1“‘]\ yr^ fJJ^' j^J 5 

0 

27 

0 

32 

19.7-9.8 

45 

53.4-35.6 

52 

[N]\ Jidslill AajULg 

[°C]\ JwiC. fcjlja. 

5.8 

54 

20.9 

39 

30.7 

33 


jj-ajjj-c JaliaAj (JaxaII PPA ^XjIj] ^ILlII j^jlaj lSJ^ ^ 

J-gxJjoij j . j\j jJ - <jj jjjjoiII JalJa^j i I JaJa-c j t lA^-^ ^ 

&1a ^L^il 1^. ^-o Cr 3+ j^jj (j* *^j clA^j Aii iwaj ^ jj^ll 

Cr 3+ (j-o 4-Jaikic .55 — 50 gl 1 JL?-<JI cA Cr 3+ . ^AiLjIall 

J1 

QA 4jtijJ-<Jl Jj^ljjl! L-LUgJ jl (j£-GJ (j^- C ^jl^-lll e-^yUall jl n^lMl ^Jl 

J> 

^jlc. SjjjjjoJI cijUajai j-o jjjIj (9-12) J j^JI ^ cA^lij Cr 3+ 


. J,.bui9 ill <Lg jULg 


SjbJI S jlfyall Jl .4.5.12 


<£jJjaui]l ± lc )!\ dll jjgJ jJ &.1C.I.9 t _A c ' fcjl^ll ajl^-wall ^Jj-al jl JaxILuiLi 

^Ij^. 4 jjC.^a 1I jlg.waiVl ajlj^. diL^jJ .^Jjoull Ax^liwa Ja^. AjjliJVI 

. dil jxgjj jaI] 4H-aLaJI <±i£j!ill J!>Lk ^j-q (j-al j^JI a-i^j .130 — 80°C 

4_±^.Luj fc jlg-wa J^walji^ AjjoiIaaII AljjLwa^V 1 A^jliduiil .IiaVI dlljJAdljJ pUaj-al ■£ 


Ajjja jj J aII dlLj£jAl! A.^.aA £A L_jjl£jHj ajA^ll J^ijJa 


JkL JLixiLail (jjjia (jc. (open time) ^ j^aII ^Jll -ij-id ^^ic. Jj- w a. ra . i l (J. Lgj 
Jjial Jjjwal ^j-al j^. dll j LllUHa ^ic. (J j .. ^iM I j^oJ .HMD I— lila. (^Jl ^iUial (jial 
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(jllu jIaJ ^In -5 4- Jinx -2 ji (jjjl Jjnjli a^JXj^ra dlLi-d ^jC. I^aC- 

. JJaj a^3 ^)j£l J jxLJI (jl^ ^jjJ)l^)j n^ll L_dJal I jl Ajl . ^±aA ^j]I ^^3 


^ S jdJI S jlg-uaJI J^ual^l] dl_u£ jj 4 -a jlLa : (10-12) 




Aj]^Q 

4nxj % 



Aj^JJ-Gjj J-all AjAxiII 

40 

30 

30 

27 

25 

30 

(,13*V J JS 

40 

40 

50 

40 

50 

40 


20 

- 

- 

3 

- 

10 

tiLxpyi 

- 

15 

- 

11 

- 

10 

dpLljVI 

- 

15 

- 

10 

19 

10 

i4 ' i J i < ■ .-I' i 

- 

- 

20 

- 

- 

- 

qs-xa-\ ^Uj 

- 

- 

- 

9 

6 

- 

dLlljfi JJ 

20 

- 

- 

25 

20 

25 

HMD 

- 

- 

20 

- 

- 

5 

OJ jl 

- 

30 

- 

8 

5 

- 

(jJ-aVI (j\j0J Jjjj-g-2 

1.35 

1.38 

1.41 

1.34 

1.36 

1.37 

a [dlg-']RV 

121 

109 

113 

79 

100 

104 

[°C] jlg.^lVI <Jakj 





JjjiA 

-111 Alall 

0.5 : %-ill 2u.jjlll RV a 


aj^a. dlL^^Jj aJ_aJI a^)lg.j^g]l J^A-al dllii£_jj ^ic. aILqI (10-12) 

Aj^jIaxJI PA dil^ixul^ ^joiIj ^ j-<JI a-^A Cj^ i**nwll l_l^j .<33Ija 1I l&^lg..A«aj| 

^al_A^.I ^j-Q dllj^j-o £-g .<J^lax]l djl-la. ^11 ^j-o (j^aiado £-a U^_9 

<jl V o^lj .AjJaidlo jl^_»-ajl dll^^p dll 3 dlLll£_jJ ^ic. (Jjj«aaJI Aj^laC. 

<_£l ^j-o gjjj .AaaII 10 Ia^j. 33 AIilj-o Ajjoij ^jJdarvll dlLijUj Jli jj 

JISajI dll 3 ^I^-g Aj^axll (jiaLxia.VI (j-® LS J-^^l (j-° AjjouII aAA 

jl j-<J I a 1 a (jl . ^)Lj jUI aIaIj jj j dll j Jxj _^Lljj ^jl diLaJiixJI a V . AjlSj^q ^ic. I 

Jjjxill 4 n , . 4_<j jlio j£ Jo'i l^jV tojL^ a jU,a,o a£2i 4xxuLix JJC. l^xiaxxJ 

.i_iLaJI i ajlVnU j 
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Ajjlaail CjL&UJIj .6.12 


^.LqjoiVI (12-12) .AjJaH]' djLo^Lxll (11-12) JjiJ' 


LjI^j i jAjIaS ( ±la\ JUs) J jj lj! jj-ojIjj Jc- Alia' :(11-12) JjiJI 



(_£ ^)1 ^ill ' 

Slovay Advanced Polymers 

Amodel® 

Shikoku Chemicals Corp. 

Balpound™ 

Ems-Grivory 

Grivory™ 

Lati SpA 

Laramid® 

DuPont 

Zytel® HTN PPA 


oUl! .7.12 

* j> 

-liaJlj Tjjja.ll 4 -n. ^ aIaxJjuixAI \' Cllijljj ^Jax^Q C — < a‘l^-a"l 

uri* 41i (> jii£l J t(_paAaJI CjUjUj (j^s “Uau jjSI (jJ-oVt CIiUjUj (jj ■ uaUll jl^Jlj 

t^LU^HI «.l£l c ^jjjLqj cilljA (j^fLa V 1 6 Lo^-ac- . (j i > iUH*i (jl J-aJj i > \ n*n 

liilj . Cljl jjJJU (Jjjuaall (JLaXJjoiI .lie. C Clli ^LG^jj-a]! £-0 

^jLoij 4..^jj^ai i^l l_i^jj . 4.-^.jg.^ I^jI Jc. PA ^4 J Jj & JjjjVI 

. AAaLjal cIjLq J*-q aJ 

^.Ic. j ^^3 4_iliL(AI aAc-IiIaII _J4C. £.'^a.V' ^j2axj (.“ )jjai tPPA CjIALo ^£la.j 

. ^ j)\ “NgiVlj A±uj' 4 jL JaJ dll Jill CLn^y^J 4jL^.V 4_jl_ix^a £.Ijj' j . )a» >>> (Jc-Llill 


jjjH]| Sjltjj JH\ .8.12 

^2al xi-4 I jl 4j^jj«a)1^21 Cll'^iujV' (JLoxJjjJ 

ll j-a \ j tAjjJxuJjj diUlij Clul£ jl j il& jlx-a^ <jl£ U i4j Ja*JI 

J jj Cll' a 41*1x11x21 S^tc-I aJLula (J^. ^3 4jL Jail ^aLoi! . PPA £-iL-alil 4_lljl 

• 6.2.12 S Jail ^3 S^j^jjoA' L_L-aj eil .^Ix. 4 _^.^j (^llujj) 
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<> 

Sjj! jll pUJi\ :(12-12) JjiaJt 


(j 

Mitsui Petrochemical 

Admer® L2100 

Corp. 

^ ^ tilulLall Aj 0.1 jl -iLiJ ^aJtlauo ( (jAiijl ) ^ jj 

Mitsui Petrochemical 

Admer® 

Corp. 

tiAnlLdl ^ 

^ AiL-aV 

Amoco 

Amodel® (Series) 
45,29-28 ( ,J 

Amoco 

Amodel® 1000 
36 ’ 9 (aJ Jdj) Jj. 

Amoco 

Amodel® A 1000 

29 « 

jjj] (joLjXa ^g-utlAioi 

Amoco 

Amodel® AF 1113 

^ 4 6.T\6.I\6.6 . 11*1 

Amoco 

Amodel® AF 4133 
^ 6.T5 \6.6 ^ jlac. 

Amoco 

Amodel® X 4000 

^ 35\65 jj] (jAuxa ^g-ujlAioi 

Mitsui 

Arlene® CH 230 

56 PA 6.6/6.T 5 

Mitsui 

Arlene® 
45 ( aiJ Jtia ) Jjj 

Akzo 

Arnitel® 

16 

Union Carbide Corp. 

Carbowax® (Series) 
14 (PEG) ( u#i' J ) J Jt 

Denki Ragaku Kogyo 

Denka® SMI 

4 9 . . Vi . ^ 'jj ^XLuj ' ^ ^ \ 

Exxon 

Exxelor® PO 1015 

4uH 4-udl ^3 0.3 .T l-m ( 

Exxon 

Exxelor® VA 1801 


-Ij J-llfrj' ^3 () . 6 VCj j-ax (jjiuj^jj jJijj] ,Ial.J-ax 

47 ’ 29 ’ 9 
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£*>'>4' <> 

9Jj! pluJi\ :(12-12) JjAaJ 


(j ^>VI 

Exxon 

Exxelor® VA 1803 

^\\\W ^ %0.4 jIAaj ^xJ-a.6 jjjLjjl JalJ-a.a 

Ems 

Grivory® HTV-4X2VO 
49 6.6/6.T 

Ems 

Grivory® HTVS-3X2VO 
49 6. 6/6. T 7 

DuPont 

Hytrel® 

1 6 I^Um 1 jM ) J 

Shell 

Kraton® 

47,_9,9 L.ifllxjil jaaAj* 

BASF AG 

Lucalen® A 37 10 MX 
^ liUjjSI %7 j LDPE jj 

BASF AG 

Lupolen® (Series) 
16 ( j4At] ) 

Uniroyal Chemical Co. 

Naugard® 445 

4 ^ jjai JAj 2 tsjlu-a‘0) ^Oj'4‘4 

BASF AG 

Novolen® 1 100 

16 jjjStijjjj ( diktjji) tAs? 

BASF AG 

Novolen® 2500 HX 

BASF AG 

Novolen® 3200 HX 

^ jAlllJ %2.5 t i—jSljull (iljlkl-a jjLftjljJ 

Great Lakes Chemicals 

PDBS® 80 

Corp. 

49 ( at rjjt A-“ ) Jjj 

Dow 

Primacor® 1410 XT 

9 djllj£l % 1 0 £-0 .2 J\±i.A JJ «J £ ^LhjSI 

Ferro Corp. 

Pyrocheck® 68 PB 

49,45 - - , . - , , 

f JO“ ( aot^ ) <A# 

Elf Atochem 

Rilsan® B MNO 

49 PA 12 

DuPont 

Selar® PA 3426 


15 PA6T/I 
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£.^1 jji SjjI jl\ f . LtuiSfl :(12-12) Jj-iaJ) 




(J jlaJill 

DSM 


Stanyl® KS 200 



^ ls 4 u PA 4.6 

DSM 


Stanyl® KS 300 



^ PA 4.6 

DuPont 


Surlyn® 



9 . f .-i 

Up J 

Dynamit Nobel 


Trogamid®T 


QJlLlUA (JAlA c^J-4‘2‘2 J JJ PA 



^ -4‘4‘2 j qlcI 

Ashi Chemical 


Tuftec® (Series) 

Industry 


^ <■ . 'V'. .'ill a JAA jljj 

Solvay 


Udel® Polysulfone 



^ ( j A (JjjjiuUj ) JjJ 

BASF AG 


Ultramid® (Series) 



26 ’ 25 (aJ ) Jj, 

Victrex PLC 


Victrex® PES (Series) 



49 ( j jihii Ju) Jj ji ) Jjj 

DuPont 


Zytel® 



9 ( 
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±A .a\J$\ CiL&JA 


(j-a (.lid) IfrL-a l JJ £ ji/i'l-\< Ajxuoij ^A (Afamide) -lldjVl 

uk AjLuJl (PA) (jiJ) ^jJI Cil jiaJ o a_L^> j Ai .(Aromatic poly(amide)) 

s s e 31 

(jC- lg_J (jl AiaI^)V 1 <— i al-ill ^ V^.ll (jl^ Allj • (j-a ClaLililuill ^^3 

. ^ ^ cIjLij jV I a alq! jV I CjU£^)-o . dal jLjjJI caI jlla] jiSI <Lo J>^.l 

^C. Aj^jJaxil c_iu-£aj (jfrUaJ iLil^ Aj^jJaxll (Ai-ol) 

aAA ^Sj . Ig.Axj.Jaj AjjJoC. l$j j£j <_£A^.j Clill£ 13] (.1 lgI)^J jJI CjI jj-aJ 

AlLaL^JI ajI jill . ai^I^VI j q±i (-ilJ)^J j^JI cIjI^iaJ jj ^ja ^-1 ^iVI 

(klSil . (J^joiI a^)-aL Cklkvan ^Iqjlj 1^-jjS 4jjln*ll (AiaI)^^! CjIjaaJ jjj 

CA q n)-nll jl A-iSl^ Laj^)^. Aj^laxJI PA. dll^J-ad] ji Cllll£ 131 

Aj^)iaxJI PA ^a (JxIslIj .L2£ Aj^IaxJI PA CIjI^iaJjj ^ja Vaj 

.(aiJ JUa) di^kj Ifrj^jafcAj aa! tdiaJI I3& LuSLqIa !>LqI*j 


djljj^jj^JI . 1.13 


tjjLUJI AJL^. ^ LaS .(.iid (_A Ail^jjLo^jjAl (1-13) (J ijAAi 

* 

djLijljj (ja CklajjuLo jl i CliLijUj j CjUjUliI CjI jaa ji jaJI Jaxjjoij 

(jjju . (_yzA, Sk.ll Aj^j^I£ C1iIj£^)-q l^Jjj^J Ale. (Jj* 3*1 2k.ll 

jj£! (2-13) (Jiulll (jJJJj *^- c ' J ^ (jAa^2k.ll ^jUj AjjjK C1jIj£j-q jj£I (1-13) 

. Lc._jJjuj ^J±A^\ i- " 1 j£j ^ 


All 





( ^ 6iJ ) (Jji, 

lj) jjaiIjj <ULi u& Cjl jaajIja :(1-13) JjiiJI 

ClA 

CjUjUj 

Kevlar®, Twaron® 

jj-aVl ^piii ^Ama-4‘1 

Nomex® 

<jj*Vl ^Uj jjljjja-3‘l 

Technora® 

Jjjja jjj-J jjj] 

9 . 

4_j2uC-I 

Jjiia ^Uj jjj-4 ^jljj jjj] 

diLuljj 

Kevlar®, Twaron® 

Jjj]\2ajj aijjK 


Jjj]\2a j jjj ajjj1£ 

9- 

Jjjlllajj jjjK- 2 .ijjjl^ 

^ (G jJ-iaC- l.U'Ul (Jjlfl 

jjltjaj( ^^-u^jjj^-4) (Jaij-4‘1 

^ (C jj-s-iC. <.')}}*) (JjIS 

jjlljij( cjJ ai£jlia ^^joi^jjj^-4) j^jj-6‘2 

^ yustc. (JjI£ 

jj .12 jjj -( , jjja jjj-al -4)-2- jjj-4 -5 

AB 2 JalJ 

12 

L-jkjouil Aijla CjIjaajIjj 

12 

4ijli claljjAiljj 

<■4 \\ u >i ^ jj j£ -6- jjll (Jjiia jjj-ol -4) jjjjj-3‘2 

<Jjj^ jjj-4 -4) j^jj-3‘2 

c4 \\ n A jj j£ -6- jjll Jiua 


Cl 





<1 
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Cl 


Jjjltia j Jil 


(jjljj JjjjJS CjL £ ja : ( 1-13) JLuill 
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-3‘ 1 - 4‘ 1 




Jjjja ^Uj - 4*4 jjj) 

h 2 n— ch 2 -ch 2 -ch 2 -ch 2 -ch 2 -ch 2 -ch 2 -nh 2 

^jLuiSa - 6 i 1 

H 2 N-(CH 2 ) 10 -NH 2 

qs j^*c. 


£)xaV! ^Uj ljU£ j-« :(2-13) 


( -4) (j j «uJ-4 4 1 £* 4_xjjjuj^a 1I l_ii£ PA (JjSj 

(j^VI CjlijUj j jii3 ^jojS ^j^£-4) c >uj- 6‘2 jl (jJtlij 

Jjiu-N j -IlgIjjjoiI j}f\) A (Jj-g 11 dal n^ll ^3 

.jJUiJI ^ ^>11 ^>=^1 ^Uj cil (3-13) L&a ch - 13 ’ 10 (NMP) 

. dll jjx jl jjl o3a (J2L^x jjx AjtSJaj Aiiix AalLai Ax2uC-l i ^ -*-» jj^xJ 

(jxoVI CjUjUj Cy 5 _>^l Ic-jj (jj. yj,;.'-( ^ jijxl -4)-2- jijxl -5 Jiixj 

V . ^ <Jjx>iC. Cjljjjx ^ (JjUiijU aAjUII j I jK ^ijiiaJI PA iil JjIxJjj ^ <Laxljau21 
-( .AjnH ji)xl-4)-2- j\ul -5 (jl 2aa.V -IjJjS PA JXoJ j2 AjxaLxVl A_mll Jjijj 
l_yax j (JLi.il ^jiSj Ail ^jJaljll (j* - (Jj'jA jnxl ^jlj!i- , 4 , 4 jl}) I j/'*'- Axiij jjijjjj 
(jxal jA.ll ^jlSi . ^jjoiLoil A^. jj j . Jjl ^ iV | a2jU jjjiii] Aij _>?3I jAliill ^ic. jjx 

. jjjij jjiJ A^jlill AixljVI CilxSjxl AjjIj^JI 

^Jl l^JLxxjujI AB-, ^1 jjl Ajjjx iil jjx2 jj ^11 SjUiyi isl 

iil jjxjjjxll (4-13) (J^iill jjjj 4 ' ^1 c_si£j t iixjllx j jJI iil jjxJ jj i. _ '’'I j 

. >- 4 u.Ai'l Aijliil (.jxl Jjjl) CiljjjxJjj aJU. ^ 
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I® (jjiLluS AjjUj cjt jiajIjm :(3-13) 




1 1 t-JLyalfl Aljlil) Jjjl)^ ‘Ulii ,ji till Jiajj :(4-13) 
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^LeOHi J S .2.13 


* iV ^-IjjIj Aj^jJaxJI HjIjllgI ^J^2I ^j±i laal 

c^jxol ^12 j (jjbc. ^j>a^?k ^jIjj ^jjK ^)JC- (. ViK21j o^-oL (Jc-Islj . 1 
. (jxd ^Uj j 2j\j > <^jIjj (jlaxiV c2jI£21j o^-oL Jc-lij .2 

. (JLftjtHuiV 1 a^plj l^ll jIju 21i Jl 

J£l jl 0°C <_£ jLal 6^)1^)^. lie. ajlc. s^)22l (_£^V 6(JjVI <ULa. 

^21 AjjJa^)l] 421 _xJI AjjoiI m VI (. > in>ii llA . (J2V _jlc. O -0 Cl 1 Vi 21i ^j-q 

(Jc-lfloll S^jl^Vl ^)22l &1 j.l 21 Ajcnlall j ^a-A,Vl ^jUj 1j^)jI£ C1jL2^)-g lg.52’.iVi 

CjlAl^l Jjiii jjj (JJilaJ -yA^JJjS <j^>' 


.S^22l (Jjs ^aaVI ^jUS ijjjK CjI jaa jj j-q <22 C3 -x.-u.j t<Vl2! 
ilixl ^12! ^JJjJall ^3 V-<i*2ai21 c22jjai£^J^)£il (j] 

lg..l2l,1 J^2I (J -0 J 6 <J^Ja^}2 ^Jjuil xu^fc (Jsl l^jl . (_yAA2J\\ ^j12 VjI ^±a jaj <j^jlLo 

Sjl^VI CjL^jJ ia j jlo C’iVi ^Jjoj <^. jj ^*22 c2jI£21 (Jc-Uj ^jl Vj *^>221 SjIc-I ^c. 
lajlVnl c C nVi jail (JjAjojI ^Ic- 212 . VaJ^-21 

>Jj^ d il> Cliaj (Jc-lioll ‘ 4 ''.'“’^J.'J^" 


O^a-oJ I JjjjIS <jJjia -1-2.13 

iijjiSj jjj^Vl (j.)l)\.^-4‘ 1 i Vl'Yi; Kevlar® ^llLu^l isj^. 

a-dLa. -Ciiu^aj NMP . c- 1 \ ji 1 -^-iV 1 (5-13) -’*11 

S^jli ejLijS! cJjij . 0°C .Vic. SjjjAkJI ^ < iii^Lj CaCl, 

- ^ NMP j jji^iiji JAi-a (_g-vjo1 Aj^u gjj-o JUuiloil l 5^>^ ‘CaCl, 


(jj )Ia .2.2.13 

l - Jajl d ^11 j (jxoVI j^ljjj ^>^31 ^J^i^-v'l ^JJC. djId^VI ' 

^ 5 -* I ^ 

jjLuijill ^jic. 4jjlia-all l1iUS__>a 11 . (Yamazaki) jLoU Jc-Uj 

Ja. J ( jjdjjj\NMP dlUjdo <3l_da] .Clslj)ia-o Ig.’U^I tdliLoi j2 (Jjn^ (_^Nj (Jxo 

.SjaLII Jj^_dil Ca Cl , j Li Cl Jj-« ^^Lai 
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Ajj^ISJI CjUjUj j ljLjjUj qa CjIAj^VI £ llla^al I ( 5 - 13 ) JS-uJi 


^Ac. l) l ,<aAg.j AjlSj^-q ClaL^^jA AAc- (Jc-liAll ^ J \) 

^Ac-I jljjt dll A dll^jj-aj] dlillj9 j^jjV 1 ^ JaxJ ^j_j^l AjlSj^-q 

Vj lJ ^ PA ^1^1 (j^n* J ^9 4jl V] . cili]lH9^)j]l (jAa.xi^ ^j-a Lo A^. ^Jj 


Ia& ^-da-a^JI ^J^Jall (J-ajtdoiJ A.iyj'sll ^9 . ^ 4_daiddi ^jl^jl da! A daLddo 

. dllAj-a! AdaldJ! ^-l^j^l \ ^ja*. 


u^j^' Jj' (jiJ* . 3 . 2.13 

IjA.).\.V.i Aj^JajtJI Aj-J dll^jJ-aJ ^jy da?d ^ S^L^VI da^)^. 

V 4_nia9 datiaA-o ^ AjjIi* 11 (j^VI dlldljjj ^ ^jAaa^JI ^Uj CjIajj^K c_5jI£jj 
Aj^JaxI! Aj-q! ^11 djld^-o ^ jd <jl ^A <dl j^jjjoJ! eAA (J!Lq dal n > *i (_£A^.j^ .Adjjj^j 

^Jj <9ljJaj .U^)Ldj 6^)9 jlxJI ^pa-xLX.11 ^jUj dalAj^}jl£ dltd^-o ^j-q JjjjJall AAxJIj A j.W^q 

. A^lrs." Ia*. ‘LaLai^ ^paxi^JI ^jIjj dllAj^)^l£ ^jli dlli 


6^5^)iaC. AjjjK ^jUjj Ajjoi£ jl (Jjl (J-axldd ojjjajoi £-1 jj 9I dllil 

6 (II) ^ajJA^l-J ( ^9 (Jd^ Aj^j 1£ i^jjAV^l •^■*.■'0 (J^axIiiaLjj . ^jxd 


C). 


Aj^)IaxJI Jj^jVl dl aL^)£ ^ '^‘V* AjL^j 


. (^^jAaSI) <_£ jxAiC- C_j£^)a ^ic. (Jjjjj^ AiuJaj (Jl^^j 


(*> 
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40* ^ j4' .4.2.13 


(j-G Aj^j-g^j^g Clil.l^j ^j-o UjJ>^ Aj^)Ja*JI .IiaI ^j]I dll ^j-gjI^j 

Jal&J ^lijjlj £>JlA -IiaI jJI CjIj£j-g Sjl C. jj-gaj . (JJ-gI ci bl. Utl< ^ 

( 4 1 ^ i ^1 i \ s, 6j)\^)^. dlLsk^p ^UjjI j t U 

IjJju I ^)1 J<\ k til ^66 J 6 cJ^° AjjLLiIVI *3xg 1 Cl iL^^)-q (jn^y \ ttiilLojj 

Ja jjjuj Cli^kJ l-li^. 


djU£^)-G ^j-G (J*AJ (_£.lxJl j)\jfilui ^\ J A_JlxJl CllL^._jJ ^Ja_jja) £A“\ (jj 

Ajj^c.^1 j \1 ^pl jill ^3 J 6 djLij i ^3 AjjoiIxq jI^-g lijja. 4_j^))^y \1 .Ilg! 

. 19 CJUVI 5 


Qa V (jia-G^JI (j-G LiJ^^. -IIaI J jJI C1iLi£^)A ^}x2-3^“i (j^AJ 

^3 S^aIJI (J^ 0 JjVI . (J^.I^}a] 1 6^i*J-G Cljl^)j^)jja3 ^3 ^ia-G^Jl 

Aj-lillll jliikl 4 ji1^a] C1jL^.jJ j|jj5 (J^.1 j-g <illi J t<Jj^a]l <UL^J1 

i— ajISj (Jc-lij A K1 > rt ^Ic. AjjI^jSI (J^.1 j-gII £jto j ;(Jc.1_9j aA^^-g (JS Jjlj CjI^)j-g jjj-gIIj 


0J L^ 


jl ^a Ig.’^-waj AJisIja]! Cljl^jJjaiVl^ ^a^G^ll Z* AjJaLxJjaiV 1 (j^AJ ctiilj ^ja V «^J 
Jl jO -aj^l 4-la^j 1 JUSa i*>xk\ C_kc-Lja-G]l L vi>a\ g^Ojuj! (jiaA^j . ^ I^-Lq 

AiLjaj Jg x xij La IAAj a££a j (J^sVI £-a (j^a-G^JI _}£j-a ^4^ 

.S^lg_*^a <liA ( ^3 ^JxgVI ^jUS A^^)-g j t < j£j-g 


jIj-aII oAA ^j-G Ajj^aII Aj^jJaxJI AlgI C1jIj£^-g ^ AxjI j 

ji 

^3 A-la^j ^jiali^jl 4_njl^Jl (Jjaa^Luil! a^A c. ^ ^ n*n ,A_ijjL^. (JjaL^Luj 

^1 jJl CjI Jj-Gj] ^j-G I JJOlJ Jj£l ^LlijJJj gjlill AiaI (jS-GJ (illll .^jl^ill AiaI 

• 4-nil^ JjSJI (Jjoj^Luj V (^ 5 ^^ A^31_j-g1I Ai-gI 
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tiL&l .5.2.13 

I AJjoiLujI Jl£^l Al2ylj .1^.1 j ^3 sLllVl 

cS^xUjuixi djI^ixjoJI aJ^lxlLo Ja . 1 
c(a.lxa-Gj Aj-a ^-aLo) C1 l)Ijj .2 
.(AliiLi] a^iau-a ^JaS) <— J *3 

Jjilt .1.5.2.13 


Ajjla»\l PA Clil jaaJ jj ^ilxj . CjLijjVI 3j-g 1 jVI <— J aLJl ^_pal jjtjjail iSjz*. 3a] 

aJU. L_flLJVI lS3^ l£j^ .AjjjJaxll CjUu^JI ci^ V l^i A jAaBjII 

J^iJI SiLo .Lui* AdL-aJ Clu^)All ^3 Kevlar® 

. 70-100°C 3ic. ^)X<u] £-o (jJax,^ A-l^alix-tuii! 

.(Jl^x-<JI A_^ll3 ^c. (J jla-o c* i4n 6 j„^aSl ^3 J^iJI c5^ 

^xJaSJ (j\ 3xJ j .Lgj-gC- t^lc. £-<a (JjjLgJ ^Ac. Aa33 A.^IqI' A_^.j jfLi 

.a ^}\\. a a^Lo ( ^3 (J^.3 j *1 ^^3 o^).u*a3 AiLoua £J3^) CliAj (J£joi -1^.1j 


S^Lall . Aj^jJ-aJ liLJI cillij AijS-o ^)j-<ul^2l L_iaAxJI a^ia-xJI S3L<A1 ^j-alaJ 


(Drag 1 . l*s ^)2a3l^. a^iiu-a djlx<a£ AiLjal . $.L<JI ,^A liA ajja-xJI 

■\n>i < s jl) jj ^ilxjj . jUa^lj l_ ilJl jl ^IAj] cJ*^*- 0 reducer) 

. k_lauaAl LlujLLg L >3 ( (Jj 


4*11*11! j JjJjuII .2.5.2.13 


^jULo jj\(nt) L_ flLill J <*— i Sll-Al (j-o 0J^-O ^J-Q <C. AjolaSI C_Lk-aj (_£ .ill 

.lie. A^j ^)-o ^A J . AjISjI! ^jjijl)Lq ^3 (JLojtlLaiV I A^jI _j o 3A AjolaSV 1 AaJ^la. ^jj . c.-Jg-l.\ 
. Ia.1^j ^j-o A £* ^L-axill AjauaB^i (j-Q (JLaxJjoiVl 

^)Jj]l UJ^ ^-Ijlj -p i_ iU]| 

Ju^iljl-p SI ^Sl Lo-Iic. .4_aijJall djUj^iJI (jjj <njL^JI (jl^ii 

(jl jbj^U (j^-aJj cAi-aljl-p SI t-jLlSI (_ji (_J jl-2jj ^lall ,_ji 5 <Jjoij tJ ic. 
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aA £_wa^j ^All (JjoJlII j xull j £a AjV . >al>C-l A_Ia^aAA ^.-iwa’j 

. ^g-11 Ay\\ U ^}$AaA AjaaSV I ^aj c ^ ja>I Lf x ^ ljCi A.^. ^jaIaII AjlLoAI 

A_iltxAI £Jaj!)La]I sA^>l ^.jJa_j . A»wa A^ALslaj (J^Ia^II ^gAaA ^L^^jJjojI ^j^aj 

jaII ^Luj .(Basic Yellow 40) 40 ^LJ jL-J ^a > L_ajiill 

c. aia *1 a A^ALxa ciilA tAiii3.3 ^jjj^\j a ,1 a ^>La]I ^ \ u^n\l (Jj\:\.a £a ^jjjIaj ^Ac. 

ji # 

<. alnx^n l^i^lj .>LL> ^jjaC. £>1* 60° C -Iac. JjfLAc' (jjljm^g 'I ^ja AIaII ^3 10 &>£> 

. c ii^oj *IaHj lajAC- laJnjA cOLaII 

La£ . c-LaII SkAj (_)a I ^C- Jajail c-LaII AA>£ ^ u«oM A_aALxA -1 iaI^)I AjaaSI ^IHjI (_>aj 

^A c-IaII AjLill (JaLsAI . ^ 1 x Jojl -liLo ^}aI A2£La 1I ^IwaA (JaLc- AiLwal (jl 

.Cj^LjSl JJjliSI dll JJaJ Jl j)A 


J*AjVl Jjj .6.2.13 

c_fll_i£>U j>Aj . I jLj j LIia *^-°l jV 1 C5 &s (j-o (j>jj jl .iia! I j c > \W j^Aj 

J> * 

(J^xiluj (jl £.Ia11j 0.U1a1I .11aI^)VI (jA A_j^)jAjl^ll dLftJjA^Alj tL-lillj 6 d^Liill J t S^Jx^all 

. A_jAilaj.ll (>l>a]lj (jjjll ^iwa . -1 iaI^)VI (j^jj ^ K*ol £ -1 j jIja 

# -* 

c. Will ^^Aujjj .AiUll j aia! jVI (j-o ^l£ ±±AJi\ (jjj L_A <_£ jdo J C^y. 
AjaLoiaII ^Jlc. c3_j j ls^" J j^^A' j>Aj • (J -IiaI jl v_aUI j)A A-i-a^A-akA 0 jjx«o3 IsLill 

27 f 51 # 

. - C_iUlVI (j-0 l-j^ill (jx Jfcl CllUjialX JLaxlulU 

# OR ?>■# 

A_j^ikll A^JIxaII ^ji ^kixjj . Ajjoi^-a Jjjj A_ajILq I A c > \W A_j^lkll A^ALxaII 

QA 6^1 j AIia£ (>>5 Ac. Lj J W A ^JajaAl pAAJ I^Aj ^AojaI (JA^j (Jc-lij <. ^ in Ml 

• ^ L>^AkA ^3 jl 6 Aa (JLaXJjoiI • A-iIuaV I ^)A^]| 

. ^CIajLiaV^ (JJJ jJjaUjalV I ^A Aliix^J LxjojIj VAaXJjoiI ^IaI^jVI (JaXJjoiJ 

jl 1 £aa]I al^l (j^-^ aAUAI oAa ^^3 j .V jlc. 

IAj c(JjlkAlljj . J3*AI ^\\l*i\l jl LuajIVI jl A_i^.l^.^)]l L_al_AV^ j\ oj)^ Aia\1 

V ^il! AV >11 ^ja o^iaaiS c aUll jl ^^.all ^-jAjA jl LIia > 1 ^jlkx-a ^UxsJ (_$ y^- 

LS^ AiaI^)V^ c3^)J (JaxJjoiJ tiilA£j .lijljj^£ (Jj«a^A Jjjj (^gAc. Lil.wa.rk 

• AjjaI^joAI Ja-lll Aj^L^, 
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^ .7.2.13 


cjjljkall Ac.l.u^a ^ VLmlLjjI .IlgIjVI (J-g (J^ill L£>1^. ^5-^ -1^ 

CjjjLtill (j-G UJjIj (_£ -ILgIjVI (j* ^jlij^a £J-GJJ . (J^ill 

^)JC.j AjIIaSIj ;L_l^ill g-Uajj (j-al ^»-4 fcJhxl J-p SI (j-G AjI^ 04 jl^) (j-ajj^a?k.ll ^gic- j 


^.lu^ra ASJ^Sa (jl Vj • cJ^J Aliik S -1 ^ i£^ AjjC-^aSI djl^A-aSI (_)-al^i-SI (j-G cilSj 


31,30 


CljLljjVI ^9 (Jjx«O l Vlllj A^.J^)jabG ^A J . 6 -Via. A 6 ^JJ_JJja 3 ^A -IIaI^jVI (j-G (J^j 


4**l jVI 4 +&\ .8.2.13 

^»l j^. ^ic- Clu^)jkll (j2a- g^. ^ixul jjIS Jji^G c. t U^aj .IlgI j^fl AaujC. 1 ^tljj ^ 

IkiLjaJI (j-G Ajj^j^-g C!j\ <ij»i-\ ( ^ic. cSf*-* 1 L5^] ^SjJal jjS^^SI ^5 jJ^J .AJ AjI^J V ^)l j-i 

6 ^La^. ^Jl >*n Axj L-lx-aSI (Jji^-G SjUS (_£^)^j .^JajaJI (_)-al_^. (JauiajI 

32 ^ ^ 

. A^JIx-g g-SlxJj ^I^^JI j)A g. Luiy.il 

ji > 

g^A J-HjlJ . (J ^1^-aSI C t U«Oj ^aJ NMP Jjl^-G S^JJjLlA .IIaI^jVI C-V/^ (J^-AaSI (JA 

(Ja. ^11 Aj*.UJI .IiaI ^ j] (J^ jjj (J-° lilijoi g-Luic. S^)jjoIja S^j^JjoiSI 

CjIjj^j AjI Aij^Ul g^A i— 1 U 0 JJ V . j£ jaII Cjj^)ASI (j2aa^. ^ (_g jl"!* SI .IiaI J j4I 

. ^ (JaLiSI SJjA^) ^A j Aa_jULg 


• ^ g - LuaC . AAJ^a (_£^)^. *^J 

Vj-o 0.15 j (j^VI ^S-jS aM^-p- jjj^- 2 (j* 0.85 jl^S-o NMP l&s 

jjjK-2 ^j-g Vj-o 0.985 jl-^ <— fli *^>jj *3^^ ^Uj- 4‘4 jjj] (J-q 

A }-> wiI^j JjkJI *( j ^ c ' S ja3 ftj^LSI 

L-lii-all J2 l.Uj *3-5^ ^'J>^ ^ . U *°JJ (_5^)JAjS^aSI JjS^ a \\ . ^ J)j\jSSI ' \l I- J^J^jA 

^j-G AAaSI ^3 45 d^j.^3 (_5 j)*Wa j g-LaiC- ^)2 g3 ^-gJjoia (J^gJ ^j£-gJj . 160°C «^C- 

^IaSIj cl_ijAa]I IjIIj aJIjV g-1-Gllj NMP (j-G ^Ug^. ^Jj g. LuljlSI Ak . jj tilli axj .^l^j^JI 

^Ja]l c- L u i t JI . ^_ul j L *£ J) ‘ ^~* r -^ 11 

. 1.20 
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: ^ AjL^aC^] ClllkifLaJ 

- ^ li'jlll \* a \\ iajLojj • 

. dl dll J f\A ^ 4jj j.dl -ddc-Vl • 

.Alij JJ^WI "l a n Will • 


34a 

Awl Ji\ lildi Ad 

oalji :(2-13) Jjdadl 

S.l^.1 ^11 

daiall 

Al-aL^JI 

gem ' 

1.44 

4 u-vxll 4 \*X\1 

old^-G Jajdik ^^Ac. ^>*-“4'® 

MPa 

70500 

dill <LjL 

% 

3.6 

jj£l\ 5 *<r~- ^AUaJjoiV 1 

MPa 

2900 

j^\ i . .it ^ i 

Jkg- 1 K- 1 

1.42 

(25° C) djl jdl ddl 

Wm“‘ K _1 

0.04 

4_iL»«a 

°C 

482-427 

($.1ja) Jkdl! 


DuPont i Kevlar™ 29 


.3.13 


jl jaluiVl (jc. dt W i^o (JjIa^. Adj .AwljVI dLiIl Ad (2-13) (JjAdl (jiii 

(jl V] t(_>o_jALo lilfLai (jjd Nomex® Sjjl£ (jdi . ~ diLu^VI ^ ^li-oj^ll 

dlld^a Ls ic. i_ljld dl^Jal Aslj . l.g.j.^iq'l oj_jl£]l Jaj^jd did JN'ij Kevlar® 

_jiwl (^jljj-p II B^yjS, S-lud (_£^>d did ' 4_dlxdl A ic. “dl “dd ^oi 

Jjc. (Jc-lilll IaA (Jah -dll (jla (JilLallij . j'ai . .. ^ Jic. (jjilS L_i£^)n ^gil (jiiiiiS 

•Nomex® <1U. 2dd» 


^IuISaaI) .1.3.13 

* j> 

AiLjaj j i4\*n C1 jIj£^a] -Lodll <LgjULg (j^)Uij 

* * * fi js * 

a,A& ^.llxJ cillil .S-LaU L-aLk-aJ-J j Cll^J ^LilxJa LS^l 

.&\juA\ ^jC- l^J A-*JaL*Jjal!>U 4 _Ujj1_Lq 
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IfrLtt jILgj ^3 jLjJI c* vwj q\ aJIxJI CjVcx-g <SL^. ^a 

(J^xAa]I I ^1A g] • 1 (JCjl-g (JjjlLq I l CA ^ajoiJ . 4C£Laill <Ul^JI ^3 jLaiJ 4_1 ^)ULg 

^jLoC-VI Cj£*-i (JjJt-Lall 11 a -1^.1j i A.fl.va,?k]l ^3 . 4jfr.i.L&jl _jj^aLi*JI CjLAjoi^. ^3 ^a 

<SL^. ^a l! cl jljjj jj£I qj£j] ScLaII 

. ^ ±±a\ jVI Jjjj G* (Ja^SI L£^- 


ft jjaVIj dlSl^Vt g^'j^ .1.1.3.13 

* * fi 

jflx. Ij .jljll djliulaj .'IJ.al jVI ^^ic. AjS^all -il j^JI (JaxIioU Lo Ullc. 

.4_J_jC.^o ojl^-o l^J jjAAillj ai& (JiLal jj.}Sj 

£. 1 J)l (jl V] A, _lS JaII 4 OAl] (JLox!lt-uV 1 (j-Q 

- j;"' 1 " AIuISaI Jiiiijj cojjAa-o AK'UVI 

AlCi-^Vl ?.lj|l iil_jLoJI ^ (j«a jfi- (_5^c.- jLojoi-o j' 1 ^ •> (JLaxjjjlj cjLuiljj CLu^.\ .}£] 

djljliic-l CjIu:!j^I 0.A& - * ^aJ .AloIjV' ( _ g ic- <jjii_all 4j jaaJ^I 4j£^a]l jl jaU 
SS1^\ ^jc> CjU jl*x (J Clilg_^.jj£ .liij ^j\ (jfiu&jij 

. ^ ^ jll AJjLq-g CIjU jJVlq ^3 tdlSur^ V I $.1^)^. s-t^pAVt j 


^.luail djluj .2.1.3.13 

Ljl.Ca.aj ^Luj Lxu 3 t<C.l_L-all ^3 SCjI J)!Lq <1aALj ^JaaC ^Aj«a!l (JjLouj Clia-u-al ^ 

cl ja! I c> <x3l ^11 4La.lL<i]l a \ t, 1 g^ . u *^H ^Ax-axill ca.Lj jj\ L..i?k.j . ^ 

Glxjj Lxu 3 c ^ic- j . jl GjLqI jlaj-aV I jl \.g..-)Ic. ^Lixlul Ja^iLaj A-^jlnj 

* > . 

^.loln G' (3* /U • c_kjl G-° GjlfljjJaj ^),njt j t 1 c! 

.AjSjsJI AiUall ^j-aL-alxil a ^j±aJ 

39 38 

AilCajj Izj^ui ClliJ ^Aj-^all jlLs jl n-vV 4 jjoiU 5 jLiii.1 lilliA 

^ ^ V -*' J j i ^ ^jl^iia]| Aaal^S! ^.uJ^Lail A-q^ILoj ISO -'J Q -Q c^IliA tillj 

.^yJayal\ I^J (3^*-^ ASTM (_V»A« 


488 



siLall (j-o (jjS-o itlulj e_a^A ^jic. i_Sj^Ltt]| (JjUaJ 4 a 3 j^Lall i"'l j' n^.1 

s» > 

IjjA^. a^^ia-o A^l^J JaxILujJ .A^^aJl A^Uall IjIIj 33^-J is^ 

^jLuak' V 1 . (j^ ^ s^aLoH Ax-all t_j^Lail jjjll A.daQ'v'dll 

Ja jx.jJ^Xi ^jlc. Cllljl jJajail ^j-q Cj j^VI (J-«i*JjaiJ . ^ IHjIj L- i—flAgJl dl^aliJ 

jUll Aj*_iiial L*jj diljj 1 400 ms i djlc-^jai (J^-a^ll • !-£■ ^jal-G Aj^LaJ 

. AJai»Aaj 


CjI jLilklj <jjlLo All Aa.j a^s ;<Loj1 jaII l^iSI CiL^aj ^llll ^cjtllll ^ic. (J12 a£ j 

(Jjlaj (JjJaSl <LgjULg dW'i Ai A-^.jjailA]l Aj-gI^VI djla.^1 jli ^Aj^la ClllallaJ AjjaiLilll 

. ^ ^ Aj_jI£ 1 g Ali^Laui AaIj^j A^la-all CljLa. jlll ^j-o 


u-ljifl . 2 . 3.13 


£i*-a ^gk Ajtij^)>JI a^l^aJl Ale. AlgI^VI CIjIj^^-g] ^Aj^aII jdi'l Ac. Lxjjj 

Ale. A_la jS~s. < q J^-illl (j-al ja. .AjAjISjB ^j£aJlj AJ ijill C-iLn.Q.Vi AAia^ll s-l^aVl 

.a_1a!I 60 ^1] Jj-aj A^U.jSI c_flLilVI (j-a 


. 3 . 3.13 


a 1^1 (JjC-LLg ^LxjjI^J dl^a. Aiilj . ^^-jaiaiill a-jjJall (jjjLxxia. AlqI^jVI <jj 

Aa .1 c_aLilV Ajjjmll J Aj^ji1^j<g\1 ^j-al^aJI ^le. 3^3 ^UlAoVI 


^ ^ 2 

^lall-Qj ^Jax 4 l ^.^AjjQnB 3^3 ^-LxjuiVI *■ < nx*n . ( AxgI (JIHS 3 J ~p) 

. LlJjjJa a\\ (JjaLyljalll ^JaSJ ^C- <— J flLilVl ^^3 L-JjJJtll 


Lx-aliajl A^Ua j 1 Ale- l^JaUaJ-ol j 1 dji ^JJLjaill dluiLd (J£ ^iai^-lj 


Aloll ^3 40 d AJUa ^jJai^lj ^-ixAHll ^j -o <C-Loj 144 Axj . ^.Ja,rk 

AjjjIJI ^441 ls^ O^- LS^ AjjI^jSI aA*u£! ih"i .a-A^I Ale. Ig-laiS 

l^SU. ^5-^ 
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31alaJ) lililAVI .4.13 
'&*>,< AjluiVI flj! CjUjua^I .1.4.13 

% 

^)jju (J3^ P 4Aix_»Ja 4-o jULg .IlgI I L_aLi]| 

AiLjal j . Ig.jJa^xj .lie. .IlgI jV 1 i_aU11 j)-G <^C- ^jj-^G.11 4 _*jLg3V I 

Jl J5 

AjljujV I djLx-aLo (j-GjJaj La Ulc. uSllil . 4 -g jULg ^jjj jjoi^- 0 tilljA c^ili 

> 

(Jaxjjoij jl t^juAill c-IjjI .IlgIjVI AjjjjJall CIjUSI jll jl 4-i^jaiilJl 

.Igjlll L Og.j Ak^i 4_^JI*-g J^I^-g ^ .IlgIjVI <■ alj'l 4 _^JIx-g] 

ji 

^ .' 1 ^'3 i — aLJVI ^LiJ-aall dAjjja. (jgjjij ‘4 .i»,i.'HI 0Jjou 1I Ac-ln^i sjjjjjoi 

VJ .LjljWI ^-a UjLusjS cl n -— 1 \\ dllijja. J-»y'ljJ jl liilL j* V -lJ j£»aJj .l^lklj a j-^.1-. * 
-■*j jVaill i "il jVa-'ll JLajtLoilj .lLal ji\ L_ sLJI Ac. I t. u .-->11 jx <j| 

(j^3 AALVI aljl ALaljVl ajllj J^ajjail 4_! jg >mi j£-Gj V 4ili iA-alc- j 

4_iJjjJa]l dlljfll jl 4-i2>-xjjiluH AjuoiVI djL-aLo (JLojtlLajI (jc. 

ji # 

«.l jl .lLaijYI t—aLllI j)\ jVi k til 4j» nkll ^A u«o\l o^) ^^I xm jjjai^j V cLiixij .^A n^n\l ^Lg^. 

, i 

^gic. <L13 JJC. AJjLg alLo Axilla aJLgSVI (j \ jtyl Ax-lila j^GjJaJJ 

^pLo^ll ^Jc. (j^-aLlL c L_fll_i]l Ajllj V ^ ill ; ^ 1 u^nll <jl . 

jl jSIujI (J-gIc. U' ^ Lu^a\ cJ^ - ^ ^ J . ^ajj! _j Jajl^ A l-i k »1 jl 

43 - * . .. . f 

jl j-ftll . ^ 4. : )^fc.Ajji.nll c3^ AjtjaiVi A J}\ 

.4_Sa*-o l)^J^ jl c jj - ^jjjj'l x till jl c4^jl*IiLo ciliL^l 

^j-o ^lA - ^ ^jtj\Jra5s ^C.Ij_j Cljljljjj (JLaxJjoi! 

. ^ algI^VI iL iSV ^ijjl -^Sj .^1^1 _jl i— flLJV Ti0 2 

UjIjj^S .2.4.13 


^ jiajoJI ^ic. (j-o CjI W tli )ju'>)“i jl ^j^Sal 4 aIa. c^IUa ^jjSj Lo Ullc- 

tiSLlA tcillil (.** )\ W xu 'I ^J-ol jVI (jl ^^.j-oll (j-oj .Aj^jj-oJ J ill 


490 



aaUall ( (jAljl) Aildat .£Jj£ill dc. dljljjai d j.dJ Jl-atla 

. ^’^5 A-iL-a^<JI ftjUj C-L^.a dal ^J] 

jdL, aI. A-aj-o a.AgJ SjjJa^all Lijlj^)^£ A \ i> ^ j^ll 4_l£j^JI dmjl 

^Idl ^ LSllxi jj£ I ^Ul ^13^11 (J^ldll *1 j! dl£ £Jj-Vj J^dil 

J> * 

l_j jjoij . 4_ijlj j£^Il 4_iL-a jaII 4_illc. i *— S^l ^ic- jj . <L-a j-a dal jl dlj£ j-a 

.^^)^ll Jjji UJJJ^ 1 1 \j * ^ jl (JLajdoilj 4jjd-a dl.VLi.^ai i_«LNI 

.* .» * Si J> 

V ^13a J J)^ ^9 (J JJ-aJU j jd^Jlj -4 J V ,all dld*JI _Lxdj 

(j£-aJ . dU jpj X til (JjJJjall jjji9 ^^jall dj-(II) >\ix.A SjjJJjalll I** ll^s'unl dl . 

^9 jL^ijl djd> jJ-d qa (JILj La Idj . Cj£^ J^)d^-H l_iLixj ^jd^LJI Six.A 3*nn*i n 

.4dij Sjjjjiuj 


*tdki .5.13 

Laj-ac. ^g-Ajaij I tdlaUall qa 4_i9l jl I dljjjaJl ^ IgTilAnJall daljVI <— S aLJI jg*u\‘n 

(Jl^-a ^9 & jljj 3^1 dldilaj cilLd j . dlij.VjLa.il ^j-a A_iil jll AjjoiLaLll ^Loill ^jojIj 

.* * 

till ^ Igjl LaS .Ajj jjj£ 1VI J J jij-tll j idlljLiuJI Ac-lu^a 

,A_1C- ^ill tllVLaxl t uVI ^a*J (3-13) (J ^-1^31 .Aaoiall 


JxaljVI uli£ j^a JLaiiuil tliVla-a :(3-13) JjlaJI 


<lxal 

JL«iaaVI 

0 uaj| jLl oj^j cdljUaJ c^jl uUiLa 

cillSia.VI Jlj- 

l_j jjujj dlxjLa 

^JaC. ialjj tdLiJaJjJU 

^ > l-> i ** al Q < a Wi 

dlall cdld 

A ^ a 1 ** al Q a ' l^>*a 

iiilSla.1 (Jjj 4 J jo jjjj 

3jj 

dlij.Vull j j^aLl j-a Aj19j]1 c^jljdl ^LLa! 

1 “ \\ a < a l~>"i 

t—UjUVl tdljUaVl 

<JjL dUll 

d^ldlj JUJ1 

L-J uixall L-J jLiJax Ja jd tLc. jjaiVl 

djabjll dl jj^dill 
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diLMI j!>« . 1 . 5.13 


IaI . Lx_a ^j! ^3 A..iflA A^a j A_i 3 A ja Jal^. t 1 Aja A^C- 

jl jjVI jl (Jj^LiaII djLijjl j Jjaj .AAjii 3 CjL^JjIj ^ja <Jj£jj 3 A jaII 

. <UjAj A_laA A ja ( AjAjl ) j^AI 

C_fllAV 1 ^^gAc- ^^A Cl: llj^iJA (JaJ*JjoiJ ( (JjJ jJjaUjalV I ^JA V Aj 6 i 6 A& ^3 

<jV j .IAjjc. j c^jJjoAjjAI CjIjIjjj l_aIAI j cAiaIjVI c_ilAlj jill c_ilAlj ;AA^.l^.^3l 
. Ig.iA Injl'S (JLaxJjojI IAaC. Al^aLkll IgALal j^. A jqjWl CllljjLAI aA^J 

Ajftjil ^jAl <LgjILAI ^jjjai^J Ig.’i^Aj tAjjjJaC. V i aLii) ^ jjjoiIjjj]! CjUIjjj cJUI 1j\ 

% 

(JaIaa Vi cAlj <3ljJaj . cAl^'WVi A^aI pI^jaVI A-gjIsaj Aj^)I^)^II A-gjULAI j 

. lg.*W AA-aL^. ^IC- SA_aA cill£j^V 1 

jl K jln ull j liiAjlVl AJ. > cAlS^l CjVa** cAt£^VI CjYa*^ ^ 

Aj^jJaC- cAlSu^l CjV Axa ^ajJaj La£ 6 _j3^l ^£11 ^ A1ja£ jl jl LiJ j! \j^ii_All 

uI^aII ,^jqUn ^jIjj jl ClnSl^jiAl ^jljC-jl ^C-l.iJraj^aVi Jal An A1 (Jja 

. A_L£jaui] A_J^)I ^)^J1 A jIx.'TJaII (jA-^Al CJ fllAI Aj JJ J . C-_ 1 .Ij^O J^I^A 

gjJali .iill£j^l SjLo ^ ^luiLaiVl CjU^jaII ( 4 - 13 ) Jj-i^ll (juj 


CjlAllJ ^JOll-La) (JIaxJjjjI L_i^.l^]l (JA Aj) A^.J AAj . AAIc. 6^1^)^. Cljl^jJ J (Jlc. -Aax.jJb 
0 JJa 1 ! £. 1 A (jjjud^J (j 5 \A.j AjLjJall fiA^J cLxa (jl ^ajJjallj^AI Cljljljjj ^jIaJj ^ ^JjoiIj ^A l 

• L^^^Ja ^ < ' > i'-v .3 


L-j^utAl CjbuU . 2 . 5.13 

IjlAlllaAl ^)A JjJjAI ( ^9 (JjLuJJ ^ja Ia^jJC . J L_J_JjalAI djLxjlA 

. Cljl^LiJI jl cJjl jaAI L-J^jjaij i ^ j±i Clj^lj-a^]l *> < 

^AjIj Ax> ^..u^aA,ll CjIjuLAI ^3 aAaxILolaII A^^)a]| AjaI! 

l_uL^, Jj tAAajI^) A-JaLiaA A. IjJoIa AjJa ^ h*nlj ajjiiiA c_alAVI (j-o <^^>a ^Ja cJLaII 

. ^al^^A.1 A.,Uat\.a A-iIj^a ^JI^a 
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^ dl a jLa ,_ji AlliSjd! 

:(4-13) 

AJjIaII 4_Ajou]| 

4j£^)a]I 

10 

£lilj 

10 

ja. l£ jIaC- 

25 

^jJjIaII dlldJ^A^ 

2 


8 

dual jc. 

10 

i^ubd c_fiUll 

5 

aiaIjI c_ iUll 

15 

^jAjoAjjaII dlUljJA ^^joiljluJ lJjUII 

15 

^jJjoAjja]| dlljljJJ ^IaJ L-flUll 


jA IiaII a\I j .AAaII ^3 15 3 J& t— flLllVl (JA (_£j1i^»a]I 

* # 

sI^LaI! ^3 aiaI^jV^ <— al-ill (J-A* jjoij . ^Jl j t aAaII ^3 15-3 ^ 

(jdJJ . ^C-llIax-al JalJaA Sjlc. ^^£3 ^a]I 1a 1 . (Jjj jJjaJjoiV 1 ^— ; flLill (Jja V Aj lJjLiIVIj 

. L_J^JjujJ AjuIa <L£juJJ ^3 d JI jxaII djL£ J aII (5-13) (J 


^ jjI ja ‘LLUuj ^ dL£ ja]| : (5- 13) 


AJjIaII Ajjaull 




7.6 

dJ-al jl 

7.6 

^ j^-o NBR 

30.4 

^juA^ll daVl^ajj 

38 

u4jj^ 

15 

iS ^ J-® 

2 

tA«a giilj 


. ^ jJ^ASLaII ^Inl^ JjAiA i ^ jaIaIV I dil jdA 4 dul -ft JQ i dual ^)C. 2 


Ajjisll ^ .3.5.13 

A-illjtll A^£^a]I jIjaII ^3 Aj^iaj LJ aLill (JIaxJjoiVI AjlxuIj 3jaI^)VI (j] 

3j^j ^»3c. ^jC- A \ x >»UJb L^sL-alill $. jjoj ^A l^-jl n x n ^3^1 . e-bVl 
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^ s * j> 53 

^ajaJ LaJ ^a^C. ^Ic. (. . \\*\W . ^)Ja)\ ^3 A-iQjJaj 

.^jJajaiil A^JLxa LojLujI ( ^A djlc.Lu*a 


S^jaIJIj ^aJ Ia^^Ijj .IiaIjVI (Ja CljljUaVI 4 a11xa Cj 1^)^. ^iS 

Iaj^Lj SjaIJIj Loj^Lj ^a^'I • (jj W'n x >i>U 

^ 34 N (j-o 91 N 0^-ajl jlLyi (j-o Jjaull Sj3 J) u j'/u * ^ ' 

jjL-aliVI IaJ^L a^JUa!! I^Aj .<^JI*_a!I ^jc. i±a\^J\ l)W^ 4-^-^ 

. 54 aILLLJI c±k ,jA 


^jlc. (JLaxJjoiIj Ia^^IjIIj A^IUaJI AJaLaj^J ^JnjuAl (Jj-lxj bj)\-ui)j\ Cll^}^. .Aiilj 

£-A (JjjIaJ IJj^ A^JIx_a]I A^JIxaII .IxJ fi_Jja)ljA . 1 

^Ixudi] C-\ a3 A-gjULcj Q.)y x \ ^ja ^Ac. 1 1 l-nxn (_£ j\“\.aj t^i-k-al £.Ia1I 

AjIai^aII ^^ic. A_]a3l^A .Ixjj jjVI CjL^JjI j £a ^^inll 

.U ^ J 0 

53 , . ^ ^ ^ 

l (JajjjJ i4£-j±iA Jjjl^laj a^A A_i1aC. AaIIjlS jl.n^.1 ^j^aj 

c A_ij Ajjjjaill AjljoiVI AjljaVI A-iSLilaAJ ^Jajaill c_u£^j • 

. ^jjjLaIII LI djLail_i3 • 

. -ll^. J L_kJ <■ * ^ m CjI jlilkl • 

.A_£ja1I jI^aII ^g^jjl ^ j a II jl n ^ V 1 • 


J*lj* .4.5.13 


(JaIxIaII c_ixj-aJj Aii^J L-llc-l ^3 ^A AjjjJa,C.!>Ul JaI C lili Clil ^3 .^.a,11 

. J)\jC> J <AC-lj CIAaJjo^. ^JA ib ^J,XX.xs?l Clil Ajwl-S (j£jal A^.lj La^AC- . Ig.XA 

^Jl Ig.'l^A.I . (JIaxILaV 1 ^Ix-aJ ^jl AjaA CIjI ^)^^kA.\l 6 Cjj$^ Ia IJlc. 

^UajSII (Jc-liilll J jJ_jaj .lait-jJall Ajjjoia C.vU'i'.i j\ ^)wi^‘n 

g.AjA-wal (_£^l 
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. ^ A d-lxil JaIxJ ^IaL^. Allix-^J .iLoljl-p ^JJaJ ^ aJ-dj 

_jjaj\ ^ja ^.dadll (JaI jc. A-j^lLo IdurvA IjjdVi UaLuij c > n^jjll (_£.lia 

. Aldl j ^ jl JaL^JI ^ic. ^Axall j-aidiil (J-olc- tj-^a'A.i . -ijaI _ jl -m 

^JaJ ^ ic. t ^jiadll (JaIc* ^julla jl 4 J)j4 Vail (JaIc. ^L^Jil jl J k V Jj Adaj (jl 

Ja j^)joJI LajdVj <JajujiSl jI^aII ^...)a^ JdiVj V . ^S^-aII L_u£^)J dd*J (JaL^JI 

6.AA ^3 . -ll^l ^)l ~p Jl (JA AJjaC-I L ; .U*a] jl 4 -li^l ^)l ~p Jl ^J_jxJ A-<*^)^Jl 

^JL-llJa jl L_JjC.^a3I J)j4.V.\]l (JaIc. ^.Jjja j3j J)3:\.aII Ajj£^)J ^.Vwa (_£_^-a J (JjJaflJ daVL^-II 

. -IiaI _jl -p Jl ^jjaJ^j J) : )4,2kll]l (JaIc. 

CjI ji^Aj 4 j^-li^-II aJIjiI (Jc-lial *jjS)![j}\ dal J)4 *\.a (J!1aj 

. -iLol^l-pJI dal^iAj]^ I^JaIj^. dal jKa ^Jc- aJLgI AjjdaxJI dalj^^All A_^.^).AA 


i_iUSV dDall cjbk j-ail . 5 . 5.13 


dil.\;xl jVI ojjc-j ( .'Hal JUajjjj (jjlma-m) j2il lSj^- 

djLaiLiS dal j Ajj^j^a daLoLaiA jI^aII fi^A (_£dla . Jadd ^IjaJ A j* jUn dalj£^)A 

jl tS^JAA jl ^A (JIaJ*Jjol}U <Uj15 jI^aII (dilj Aj-aldJI fii& (Jx_Vj .lA^. AjouLVIa 

. ^jLuia jl 4 dal J)4-s.a jl 4 Adla^^. (JdLiA 

^jjJajd ( .IiaI (JljSj^jj jJdiS-m) <^Jj^ (Ja AijjauaJI (j^j^)£]l c_ flLill Ja..ula.i.i (j^AJ 
Ada^^. (JdLiA^ (JIa*jjjj^U AjjujIja A l^dndl ^j^)£Jl c_JjLill <jl . ^jj^d]l ^ja _jldj 

s t ^ o 

' V. ^ _jl ^ JU-,'1 ^ jV I . a'Jl ^ic. (Jj^fll 

•C0 2 i> j (jjc- jVl c> ^ L5J> jaJI jdl f l 0^} .750-850°C 

^Ul . H 3 P0 4 (jdaA?^.^ 1.9.Ujja Ijj^jjda ddLilVI t— ia^)dla 

jjaJjJI A.x.a\Ja dA^I hj>Vn\l • daUad'aA jjJ H 3 P0 4 j C0 2 J 

. S, via a j ^-a^jdll A_xdLdlA ^iC- dj j_jl cdjUa j 
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SjjjJ) jjjlil! ujUI ji. .6.5.13 


• j^Ljaall (Jiill 4 _aAji 4 lmL-gl <■ " '' j ^ (Jjlill 


-llljl (jl 


i _ s ^C. CLlV J-331,^11 jjjUll Jjijil Clljlji. 

n X > 

.IlgIjVI C 1 iIj£^)a CIj ( j-o £jJj cJW^ ^ajl£j (jl j 

.CljLajJalll fiAA (Ji I aS A^joI^A CllL^^p (JA LxjjjI J 

<jl (JJJJ ^ ^a^-1.1^-11 Ajjlij A^.^. (j A (_£ J A^ic-Vl JA (JA £jujI J 

(_£jJjoia (j^AJ il .Kevlar® l > lU^' Nomex® jj 


. Cllli.Liia .7 I ( _ s iAj LaJ 4jjliill 


c-juSluil 4 J&jIa 11 Jj«aljVt CliliS j^s .7.5.13 

■Aic. g_Ajou]I 4jjjl3 Cljl jjx )1 yl _£jj A B , A.All dll^LG JLaxlxyl .lie- 

AjllLa (jt Ia£ . .liAiVLa (Jaij S^)aL dll ^iaJjjII a^A Jaxjjoij . S^)a1 JI 

_ # % 

j^.1 laiJaJ JLaJ j -IiajVLg (jAnll CjI jjaJjj (Jaa CjI jxaJ jj 

. Clll^lAl] ^11 ftAg ^ 


Ajjl^lSl cjL«5UJlj .6.13 

&^A (JajolJ .A^li^A Cljlj£^)A jJJ 

L_fll_Jlj SI^IaII CjIjLiaI jVi . 

niljliL 6 £j 1 aa!I • 

ClllllaAAJ 0 CjI-IAaIjVI • 

. ^-L-ail A_I.1 x_aII dll^Lol^Vl • 

. AjtSj^)A ^llnl A^.LalA dll j filiLAAj L_ flLill ^Aj 6 C_j] L-flLilVI ^idl 

.* 

Aj^iLl ^j^AJ l.g.A.p.9.1.1 A-x-al^. CljliljJal£ L_illl (JaXJjujJ 

^ 5 -^? iS jj .6 ^>a1x4a AJajail Jj AjJai^la Aj^jil 

. Ajli^ll djI^^Ual A _1 j_jjLAl! Jaj)j*s\l (JaxILjjJ ^jl^jjJall CllLc.1 u^nl 
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JJC. 


.i±4 1 . iUI ^ ) j' A'*' CiLoM*JI j j ^d]l (6-13) ^j '.' . 

4J_jaaa C Udjl £- 1 jj^l a^A i—sUlS AjjjaJ _jJI <■ " 1 T >■' ■*■ " ^j-o jjjS 

^ o^jljll <jjL^j 1I eLuoiSn (7-13) JjAaJI (jJijjj . (6-13) Jj-iaJI 


LjjLaj a ( -lull Jj)^ ‘-•I 4li4 :(6-13) JjAaJI 


dlk^Xa 


Vlll ^a-uiVi 

.11*1 jl -p <jdc.l 

Asahi 

Ar arnica® 


Chimvolokno JSC 

Aramos® 


Kolon Industries, Inc. 

Heracron® 

el ^iLc AxgI^)I L_al_i]l 

A.L. Hyde Co. 

Hydlar® 


Slovay Advanced Polymers 

Ixef® 

.lul jl -p L_flUll 

DuPont 

Kevlar® 

Ai-Jjl-p <jdc-l 

Toray Industries 

Mictron® 

Ai-aljl-m ‘—flUll 

DuPont 

Nomex® 


62 ' 61 Termotex Co. Mytishchi 

Rusar® 

du^jfULl Jjbt-o Jxaljl 

Teijin Chemicals 

Sulfron® 


Teijin Chemicals 

Technora® 

-id jl -m L_iUll 

Teijin Chemicals 

Teijinconex® 

.11*1 _j! Jaj^ld 4_ui*9l j c Ai*l _jl 4_da3l 

Difco Performance Fabrics, Inc. 

Thermatex® 


Teijin Twaron B. V. 

Twaron® 


oUM .7.13 


i \^ (Fibrils) <ji±iill jI^a]I .aVn.il aja« cIAjaI Jjjj jj ^ aii] 

^ s. * * ^ # 

CjLojIj^II oIa CjljAjaiaj J Vj tdjUl VnuVt (_paxj cIiLjjj^I . jj-oljl-p 

p.st.^.11 j Jldll dll 3 CjI ^ dlfU'.iIl ^ic. <1.^1 (j^n* j cilLiA . (Ja^. 

^ . Q~l - . . ^ * __ 

1 4. 3)3^11 ^ dllxJ^p A-<UC.d J&J 6 d-dl^l-pJI (j-o ASLuHLojI 

c_iLNI jIjC. (JjLaILJ ^Sji, lil c4j_)]I aAat] JLoj^I (jL«VI CllUlaxA clslSUaJ java: 

£-o Ifrpmbtti ^jc. * jlri. JjaIjVI AjljS^JA V C(_£__}A! (JAJ .(JAjll {jji AJj_jla ojj3 

j jLJI 
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£*1 >4! Ji SjJ jl) f.UJi\ :(7-13) 



(J jlaJill 

t J)\l 

Amoco 

Amodel® 1000 

( .lut JUa ) Jjj 

Micro-coax, DuPont 

Aracon® 

47 (j^u aut 

BASF AG 

Basofil® 

47 0Ail j ‘—idll 

Shaw Industries 

Caprolan® 
48 6 ojIjU 

Amoco 

Amodel® X 4000 

.iiaVI^jj jJAui ^g-uolAAki tiljlulA 

9 35\65 

Union Carbide Corp. 

Carbowax® (Series) 

19 (peg) ( JjSJo > j* 

Teijin 

Conex® 
56 J-m 

DuPont 

Kevlar® 
56,48,47,43,30 , , t 

.IaaIjI 

Shell 

Kraton® 

47,_9,9 jaajIjj 

Clairan GmbH 

Leomin® AN 

4 w.cll <c. iL-all ^c-Luia cdjlj ^sluj (JjjIjI Jjl^A 

DuPont 

Nomex® 

48,43,24 , , f 

Jjdjl-m 

Ciba 

OLEOPHOBOL® (Series) 

26 * * 

^Ldlj juls tdj^Lij£l jj^ls jaaJjj 

Union Carbide Corp. 

Poly ox® 301 

~ 3 ( jJjJjV 1 ) JjJ 

Teijin Twaron B. V. 

Twaron® 

43 ’ 42 ’ 26 
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SjIpIj Jh\ .8.13 

J w CjI _jljjal]l I jl ^-Q ^^3 (J-<13tJjalJ (JjJ jJjoiIajjV I 

^jjj jJjoUjojV I (JLaxjjojI ^.Lq j . AjjLIs j AlljliLo c . \ n>n (jiajl ^1! 

6 jLo -IlJ 1 . (JjJ jJjoUjojV I (j-G 4Jj.lj 6 jLg£ AlgI 1 (JLgXJjuiI Jjl ^JJ ^Slj . (J ^j-G -li-lxJl 

. jJjoUjoiV I (j-® A^k-x-ail ^Ac. • ?i4*i3t.j A-jC-lilaj^al A..19..A <li{u 

&^A Axiixj . ^ -IlgI^jVI J (Jjj jJjaiJjaiV 1 J)JJ<gM\ Jiil 

j> 

A^jUSI ^U£LaJI (Jjjl_i3 ^aJ . A.AX.r^^Q SjLgJ 4J jg.^-xAl fiiL<JI A_liC. ‘*^> CS - ^ 

•41=41 £3^0 

^jl jSl AjSISI^I <jS^o jI^o jj j Ijj lSj?- *■ , 1 ' ‘■“'' a j.'l* , ‘' jj j 1-“' ^ ~°Y.j 

“U-U ?■ j" l — sUWI j t-lLaljiVI i_J j tAjl j\;Q l - '1 -v Til J SJ&li ( _ s Jc- Ajjluj^i . CjI jUjoJI 

l_jLa Jl AiUiaj (jjiLajll J Jjiaivi i— sLulj jt'I J CjUIjjjj 

, 69 ^l 
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(c^IiaI ajI^j PAI ^iajIjJ ^Jax-i] (j? j^a£- t m^^j^)£JI ^j^lL ^jiaAa. 

d iHj <jl (J^LolaII i^y a*J djlilluj jjjVI 4^.1 jJ (jl (j^AJ * ^ ^ *1 j ^dlj£ 
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cJa* 1I 4dj (^ (jIaVI ^3 (J£Lola Aj^)a*JI dAjLixjj j^jVI 
. ^ dal n^A jl A-aLuj C1jIj£^)a (JIajcLoiIj 
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SjAt*dl S^l .3.2.14 
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LSjr^i 4 ^ Cluiui ji Jjj Jj-n- l5 jMj j diliiAjall Jjjja ctluiujill Jjjja ^gj^tj jA 

gi “ULaaJI c.lja.1 j^AJ . CjjjVI gj-a jUj gi 200°C jA lS^"^ jj^mlllj «.La 1I <■ 1 ' -s 

. 42^ja JS ^gi i ^ j,t jLasjAiU ‘ j,yA 


AjL jja . c- tall Ail jV g_: jjj jj j v j I A.V 1 V 1 .JLajLIA j*\Ai - 6 II jA V 3 

gjljj jjiiiia-m j (gjLjj juaI jjj] j VIISj i_sj ^- j o-ja aJ^*a!I SjauIiaII SjaIjII 

(gjljj S-lSjA jA lmol Uji <AjaU C^lnillA ^jJ^J JAAi JjjJj^jl J (MPD) (JJaVI 

. jjSjAll «.Ia 1I AiljV jjLjill JIaxIuiU NMP ^gi Jjj^j^jVl ^jSja jA 2 mol j jjjaVI 


jJaA^JI AjjjIS 3^2al2 (JjjjJjll JjjjI^j 0jljll ^IjIa^J^JJJ^ g-i'-lj AjajI ^jl-JJ ^Jolj 


’ MPD J (Jjjj 3 ^Ijj jJJaI j 4] L>° 0J_>° 4^-“a]j PAI jjSjjj 
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>■ ss 
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(JaxIIuJJJ .^^1^.^)A ^J>»A^k 1 6^)A_j ]^j/l‘n ^3 (Jjjjjj]! 

CIjIjaaJ^JI .0 — 5°C C1jL^.jJ Jnc. (Jc-lijll . iAj\xl\A jq^ a^ ^jjnWl 

^jIjj ^JajojI^J jAaJ^jII c^lj uTi ^jq^"i ^j£aJj . 220° C cjliiill 4-^-jC 

. 235° C Jj (JliiiiVI cjcIc. c 
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A^j^l ^3 (JLaxJjoi^U AjjoiC.^\J Al^-a£ PAI J ^jjjj ^)Jjj ) 

S^jLoiVl Cj^)^. Aiilj .^l^jJ-a!)U aIAS JaJ^L^. ^ic. . 29,28 ^)joiLia]I (J ^jIIiiaIIj 

CjlajfLj ^ (j ^>x. ^ all CjIj£ jaSI PAIj (PU) ( (jljJjjj) L>* 0^ J* Ji 

^jAali^Al .lie. jjUl JL^ail c** vWjj .^1 jj-qVI lJ^ V A^jIjJI AjjaiC-VI (jj . ^ Aj.Jtie.yi 


.PU Ala* 


* 1 *jM . 8 . 2.14 


^^^,1 ClAj^c.^ cilljA .6^jl^)^ll A-o jULc CjIj jc.j PAI (j-o CjIj^c.^j 

^jLujq ^jjj Aj_jILq (2-14) (JjA^JI A^A . CjI ^) jxnl^j]l ^j-q ^^^.1 (j-o Ae. j'u^a^ 

.AjlSj^aII 6 _jl^)^il A-qjILq Aj^A^aJ CjIjjC.^) CjLLoi^j 


Ia ^ jl ^J joiI ^ lUrti ^jjiajll AjL 15 Al ja]I jj £1 SA^. 1 j£ PI 0 jj!^) CjLjjC.^j ^>Iajj 

laJjal-Dj tAjjljjj^l (_>al 1 Cjl^yi C. OgJjuUj . L % lg.il l^.V}Ja.U J ^)11 iaa]I 

^j-a (JjJa^l Aj_jI_^. A_AjlLa PAI CjL^jj 1 _j ^£Ajj Aj^Ij U -0 J • ^ ^) : }-*Ao^ 

. l^lisuaJj g t«o A^Jlx-a ^jli <A11 a ^Jj AiLjal j . ( AjajI jjj] ) J ji CjL^jjI _j 


^ Sjlj^Ii <LajLLa LjLje-j caIIlujj CjIIua :(2-14) 


..“'Im Jl 

.'Jv-.ll 



AjJjal A^jjILo 

lA^' AA j t ^ jl j3 JJA 

( •— 

AmIAjuj 0 s - - ^ 1 4_ 'y ^ Q /\ 

a^lxa^s Aj^l^pk 4-o jIao 

( cJjj'^! l5_>“) JjJ 

^j^lill JoaLi 

tJ. jg \ »^gJaJJ tejtiA^ 4 -ojILo 

.4 4jilij coJll^. 4jj\j^£, 

( ) Jji 


dAi^ A jfl j jl ^ a a 4-ojILo iAjlA-o 

( Aj-ojj JoaI ) jj 
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jaLma ^jLjjaSI lj^IujLs CjLjC- jl\ .1.8.2.14 


1 g’lh'OlA cAL^la Sj3*J ^ jj*a AjjI^JI LS"^ PAI CIjI jjaJ ji dul£ AaI 

V (JA AAc. t A. a Va^k.'l ^ 4 \jar A*n jl ^jaJjJI ^ja AaIi^a (J^I^ja 

(jl CjI j!a dAxl Ia^I*-- 0 U^ 6^Aa3 . I j\ ljjC.^)A C1 jIjjC.^)]I (j J$Ll L)J^ 

Aj]jA A_l| cjjA^JI AJbjk j)A AA^Oall Ale. (J^joljj (jl jj^AJ PAI (jA CjIj^C.__j]I 


aAA £Aa A-lfllS ^jW'i ^Jj L.,<aAg.4 AjaIxII CjIjJhII j)A Ax. ja^sa A^A (AIIaIj . (jA^Jlj 

• 33 ’ 32 oLjfcjll 

? % 

A^.j!aAa Lj^Ia. CjIa t AaIVTia jjc. A-lu Aj-^ 3 jjjAjj AAAa^IIj ArAliAll CjIjjC.^)]| <_£Aj j 

AAlai-Q j)A l*j j jj j LoAjA j 6^>l^jai 1^-13 ClAx.1 jill c. .ftfo'sjj AajI jjoX. (AjLoiIjS iAjI Aj cAlx-aiiAj 

Jl Ajjxjl! SaLaII 

(j^AJ !>Ija3 .Ajj-^Lq jLk PAI j)A dAjjC. Jl ^tijl (jSaJ C(_£^)^.l j)A J 

Torlon® (jJjJ (j* PAI (jj's >n*n AxJa ja (j-al^^.j Aj A_uj Jc. 

(jJj lJjI£ j)A J (^^J-^JI A^^jA (> cs^' cs^i t3^° ‘-A'-3 (_s^ LSJ^' 

. k_2liil LlaJj .l-laJJ J^-aJ jjl (J* 7~ J <L=l1g Al SjjJall aIjaII J . ~^ AjIaJja^. j^.aaU j 
L-JIaSI A^)ju (jj-s * nMI Aju .C1jIc.Luj a Ac. Jl jUiA 6 Ac. j)A L-JIaSI J AaIaJ AAajI ^jIjjj 
j SAAaJaII AjJiJI A_1 j£]I JIaHVI Aj2»jA CIi^j Ia Jl 

^jaIj UUa.1 A-ilAill aAA Jj jIAj . c_i11a 1I J c_ajj^k..il\ ^Uoa J£joi CjIa AjjXj ^Lai ^^gic- 

oAA (Jaxjjaj . AjAaI! ^)^JI AAajIIj SjC.^) 1I jl AjAaII ^ UJ^ 

.CAU21I j\ (jljjVl jl CllLi._ji3l (J1a AJaJjalJ <ljalAiA (JlSjjjl dllj AjjC.j ^Lal A . ) Vq'lll 

.(3^11 L " } “SjjC-J t _gJc. ' ■ >»jl 


LulwuS cjLj^jl\ Q1J& .2.8.2.14 


^ciii] PAI -j-a cIiIjjxJjj 2jS La jjjL." ^al La CjLjCj 

JLaxilujI ^aLuoJ . Aj J [ * ‘ ‘A. z jl ^jJaL^ajL JaLajVl a^A j l .4 L ^ . .' j a J^ 0 a£L dlLiisj 

4.‘i w."i\l 4sLlS jL a-> M ^ ' w.i i o jl ^ i 4 _^jJ>3 j/iL ^ PAI ( _ s i uj J 4 3 JyV^ (j^°^ ^L'A 

jHiill (Jjjj^I i"\V ^jUJI 


10, 
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(Jj5 Lg jjc. PI 4"ll-s. ul jl JjIag 4_JjlulL lIiLj ji. __>II J . 

TLe^aijj ,a^C-^)]l Jc-lilll aLlil c-LgII . . • ( 1 7.' 4 -ll4 ) jj 

: t> 

o^j^3 £_^gLi3 ^21 4 ( g^IxgI Ai-ol ) ^Jj4J jj*g .1 ^ Jj3 I-g 0jSl^) 2)^ 2 . 1 

4 400 pm 

4 G_l]\Ji]! ^ ^aUalljlj Ajaj^) jj j 4 ( C^LlgI ^jJa-GSh. Ai-ol ) ^2 jj ^ VjjGjj . 2 

4 3-a».da .3 

. 330° C a-?.j.i -Vic. 300kpcm ~ aj-ii 2a j d .dd Sjc-j -4 


AJLg]I ^3 30 A ‘ U-92-A J.JhV^ (j^4 ^2jj 2>° ^j-G dll JJ.Q j’l &21 Ja3 Lg JG 02 J 

Jl # # 

dll^ £-0 Jc-Uj JaJ 4DMAC (_j4 4 LJj-Q <1g 1I ^ 70 AjjoOJ ODAj I2j^i 

L <ldaj 1 jd) J . 0 — 1 0° C .Vic. ‘4 Vi 3 . 1 ^ ^jg-a-G^ Vj Vg '' -Vl J ^15 L>° “ 7 i j 2 o JjS j 4 *-“ 

. ^.da-o^ Ajua Ajii^aJ (jj-ol (JAlj (_s^^ 

(Jc-lij dljp^-G^ J (j^l jdi Vj \.'g '') 1 4/'-' 1 A ' \;j \;g ’i Ail. dal 

^U-jll JlilijVI 3 jl ^p». a_^.jA - 1 1‘ .v I j| ( i4j4 Ayjl ) ^2 jj a.ii^jj 4 ° Y .' 

. 0.1 -0.5 gem -3 ^ Aijcjll 32121 Aili£ 12 .270-320°C PAI 4 ^ 1 ^^ 

- 1 g"' A_^.j2 1 juj <21^21 2j2l ^_yal_j2 (3-14) (JjdJI jg A 


: (3-14) Jja>1I 


CjIj jc. j]l 




Aaldll 

[%]\ d jJ 

[h]\ <>jil 

0 jiuil 

0.15 

24.3 

0 

^.■ujI-n 0 jLuil 

0.38 

63.6 

12 

0 iiujl V 

- 

79.6 

24 


iya PAI dUje-j jjddj jLgg 4iilli j-o 2d . dULtuijjjVI 2?“ ^Ljc j uj£j 
j ’l gVI jd . 35,34 ^ ,1, li < ;;j4 j-IiajI ^yadA £-a t—ajUa^ll 3A22-G dljLiMjj^] Jed 

2>g dULiiaijjjl ^l-ij 2>a 0jlji]l Jdal ^^ic. Ji^i-g ' j .Ajiillii 4 .“ iln^l A U . ,1 jj 

Aj^c-^jil oiLGlI ^alAVil Jj ; ■ ^ >n . .1' jj jllI . ~~ . >» 0 .1 A Aildal Jj^-4 jj -MDI y 

. 4_j jjatll (j^ 5 4^113 jjc-j dlc.l^)ill 4. 'ijAl j 
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.3.14 


AAaILg ^Ij-g ( ^Aj A_ilj<i]l PAI ^4 ^Jax.xi (Jkjj 

(4-14) (JjA^JI ^JaxJ . s-LgIL I^.a.h.gC. Ak^ jl tA_±Ia^j Ajjul l^C-laJakl Ale. s-LgII ^aiLoJ 

.(JLaxJjoiVI ^Ic- PAI (j-o 


A^^ull o^l jia .1.3.14 


Jj-aj AJlc. C1 jL^,jJ Ak^ AJlc. AlifLijl^j-G A-gjILg PAI Ckl jj-gJ jj <_£Ajj 

gaa cii^j cii^j ajjaallJ l *^^11 A-o jlLc (_£Aij cs ^ j • 260° C 

.* 

A_iC>ljj-a]l CjI q nlnMl ^3 bj)\ jAII ^3 aIj-gII aAA (J-GJtlkaij (LIIaI .Jaj^jjoi]! 

. ^ CaliLk J Claljl In Ai j ClaVl <g^ 11 (J!Lg t dll ^jl_iiai]l A-C-Lu^a ^3 j 

. cIjIaI^-g A^U* Vj 


36a Torlon® 4301 :(4-14) JjJaJ 


^ULJI 

Sa^.1 ^11 

<xUA 11 

Aa-aldJI 

ASTM D792 

g cm 3 

1.46 

AjtlSlI 

ASTM D570 

% 

0.28 

Ac. Lai 24 tc-LL! d ■ ^ 4 

ASTM D638 

MPa 

6830 

AiAII (JajLtai 

ASTM D638 

MPa 

163 

±ui\\ 4-Q jlLo 

ASTM D638 

% 

7 

^ l \\ *\ \c- Ajall! 4 \1 L \ . 4 

ASTM D790 

MPa 

6890 

(23° C) 

ASTM D790 

MPa 

215 

(23° C) *lk>iVI A-gjIIg 

ASTM D695 

MPa 

5310 

JaliaJajV 1 (J-aL-o 

ASTM D695 

MPa 

166 

JaLtaJa jV 1 LajliLa 

ASTM D256 

J m 1 

64.1 

^a jl'dll ^a.l»-a 

ASTM D256 

J m 1 

406 

^ jllalj ^iC J j^jjl aAi^ 

ASTM D 177 

Wnf'r 1 

0.53 

A.jL^^aII 

ASTM D257 

Q 

8.0x10" 

AoaJajaill AxjLiAI 

ASTM D257 

Qcm 

8.0xl0 15 

Aaa a> a 11 AjALgAI 


Slovay Advanced Polymers a 
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cjlluki .4.14 

(Jxq c C 1 j\ qnlVill ^j-o AjAxJI Ljl ja. PAI CIjI nl _j A^j 

AjJaC-VI J J S^^IaaII C1jIjli£^jjj ^AiL-a^UI 

.* * 

dll Q^AMI LS^J ‘ dll j‘»' m ^3 A_^.^J (JaxILoA . dA^ix^*]! j A^£^a1I jaII j 

Clu^ll A_^JIxa CjI J)jg..>'.'i CjIjIAjoi j Clj|^!>Ua£ dll jIjjoiII Adjjj JfUVI j AjjL^$£JI 

. jliJIj 


daliil d&V) .1.4.14 


( ^juoLia]I J jjtuAlU 3^3^11 lj^\d dLs-uIaJ ^ja A \ k AjjaC-VI djlAulaJ (JajolI 

. ^jl_iAi£il jjqVill J (_£^)l_dll jliill AjjaC-Ij tdl^liJI (JjaoSj 


dljliit A^l .1.1.4.14 


^jjjai^j ^j^aj . (Jx^a,9i AjjaC-I dl ^nWn JjLd ^IajA^U S^jja PAI (_£-d 

AaL^^JI A_mll ^}a^)3I &A& (J*aj . A.a^jJ* a AjIjoa (Jldjlj aSjIEjjVIj Ajiliill ^ja 

(J^jujI PAI Ajjac. 1 ^jli PI dl jaaJ A jjlLoj .l^-ia CjIc.I^)A11 ^^Jc. J^sIaj j AjjaL^. 


. \ anu 


^a.2k.L .AujlijjVl A-illxJI AjjaC-VI (< _^3 S^j^iLoil PAI (JIaxJjaI ^j^aj 

* * * % * 

^ja A^-^jja dLiiAl aJoja! jJ dlj^^jAll oAA djjl^j . lg..iA l,dju (5-14) 

.(2-14) j (5-14) > rt\l (jg& a \)}a\\ Jajolj • 38 PAI 

. j*AjA\ Ad Aj^UJI £ * '> 11 ^ dl (Jj-sa3 *' j] Ajjjjc.^1 eAl 


Ldjlj t^hn'u ^XyLj ^JLdxilujij PAI dll^jJAi] 4° AjoiLoi dljlSj 4] 

^ jjljg 'I oliJ AliAll (jl d.J -isl .4x. jjlo (jjxl dlLpAj liLjA^ 4m- -4- -3 

. AM 41 ^3 4 > U Ml 11 J, A'll ^aLolj cillj ^jl 4 M', , >i\ j . ^ 4 A i^yi jl^Jp 

'y''..:l ^pLaj 4 V t jm j j cl^ (4° AA 3 ^ A-^a'Aci PAI A A ^4 j 

. AjLiuAn (_4 Ujj'kU I (Jri- 0 '^ (jjlju ^palS Jj'n.'l J -0 j 
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Alkali!! <LluicSU cdjinjijA : (5-14) 


£^,1 j»all 

38 

38 

38 

38 

39 
39 
39 
39 

39 


J .. ^ .. 5 


jljjjj jjjla ^J- 2 ^ J(j3-( J4 ? 3 -4)-N] (_>u j-2‘2 

diLiS-jj 

Jju^-u ( L5 '** < '‘ y-}% -4) l >uj- , 4‘4 

(JjjjiijC -4) ^jouj -' 44- i ^^j- / 2 t 2 

cJjj 4 ( ^^Sjiia jji4-4)-4] t>uj- <^=-4j- , 5‘5‘ , 3‘3 
jjial ^Uj jjima-34- J2“-“ tP^J-64‘2 

jjJjJij Jj1l“ ^^-'545^3 ‘3 

^Jjlllilu-'ltl- Jjjia ( ^jLjj- , 3t3 


i — 


'J.i'Ilq -4- ^14 -3 



h 3 c ch 3 

^jiLo [ cJ4Lja ( jL^l -4)-4] cs^^J _ 5‘5‘ 3 ‘3 


''' jUJI J^aS AjJjfri ^ J^jlLuu : ( 5-14) 

Sjk^l .2.1.4.14 

J5 ^ > 

(_£ i Lj.^jlVl .^JjJ-QjoJI dlJ^J dl ^J^ll ^3 CjI (J-OJtlLaJj 

Cf- j .4-illla dl5lc-l&xi ^3 ^4 Wl1 ^51 a t> _4 c ' 3^4 2La*Il*ajl 

4_iLaC. eljjl "<3 j^)Lo" dll ^La j jjl (jjSj (J^U'VI L_ S-i^J (jjJ-441 ji ^ jJ^VUllj (JfLi4l 
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JLaxjjojV 1 SaIcJ jji Axj CAl ja^-GlI ^U.j! ^ann AAVj . CIjI^j-g jjjVI jj£j 

,<Lm]l ^jJLxaII j-G CAl SJL^. ^A AH-sal^-jj AjjC-^-g 

j-G PAI (JJjLull ^Ic. Ajauojj-Gll S jq^-G^ A_L-alAll AjJaC-Vl (_£^^ AiLI 

PAI gAC-Ia ^Ac. AjjaiC-Vi j] . ^ Ax2j^)-g 6^)1^)^. CAl_^,_jA Ale- S jiiuuAI aIj-gII 

LUlftjV' .\n*i^jl ) ^Jj^j AiljAa! Ale. AAl VI .A-dai^lc AjAlil (_£Ajj J ajjlalVl Ann^jl j 
C5^ J4 a£ aLjA jl Ja^jh ;9°C dl^J ^ n^n'l ajl^)^. A_^.jA c-lLI £-* ( (jAiJj^ll Ajjoi£jI 

. s-LgIIj CAjjllj CA jjVI AjAlil 

jJl-G j-G V Aj ^JjJa^lill jjLai (J^-g^-g AAl_»Ja j Lj jjVi 1 la An £ LujlII (Jjl^. j^-GJ 

jl PdCl 2 (J A-gj ^Lulail L-JJ^jjolj j^-GJ A_Laj -5 * ** . (J^I^-g jAlx. 

. H 2 PtCl 6 


Aj^jAjAj^j^j (JLgxjjoiIj ^jIj-gj^ Lg| ^Ac< ^jAxaII d n*Vn tAAL^AI aAA ^^A 

ja^»xAI j^^fj A_illd]l AAJ^jJall ^Aj .175 — 200° C Sjl^)^. CAl_^,^)A Ale. s-LAliAl (jujK’i jl 

.A^^A^AI (Jc-lij *lljl L-Al^aAjU Aj J a^)C. JSI 


^Alj^. A^^jA^AI Ajjj^jjJall a^l^^AI CAl_^.^)A Clnsk (JfLilll CAl ji^-G aAL^. (JjAxjj 

Jaida j 100°C Sjl^. a^ja Ale. jiajx cJ^dj J-gxj A-idc-Vl (jji ^170 — 200°C 

. 4 bar *jA3 j^ jja^ 


*L^>UI 4 j^l j CilfM . 2 . 4.14 

.(_£^)l^)^. CAIa fiAA . CAlc-jUa (J-gxJjjA PAI j-G pl^jl iAILIA 

^gj t jikjjilll Alc.j . (j2a-G^. (_^A A KAn jl (^Aaaj^I ^)4C. AKAn ^ixul^JI (_£^)^J 

.Ia& j\VAl Jc-IAj (6-14) (Jidll (jiJJ .(^AaajVI ^1] V jV^ (jldj (Jc.liL 

(J£jA] CjIjjAa]I (J-<uAj .90 — 150°C (JI>^11 djl^^jA S.n^jVl (Jc.lij d i,kj 

$ e 

• NMP J AxgLg^j^S (J2ilg ^jIjjj ,^n^jq\j.xi (Jj*n<Q ^jIjjj DIVIAC (j^ (jia-G^ 

. \_LLuJj 4 < < z\ m jUii/' q 4>. ^ ^ 4 G k All^jl^ i n nM NMP <j^j 

s Jl # 

(J-GJU l^A^]j tlj-GJ (J-a^.^1 AIj-G (J-GXJjoA (AHaI l\ JUtll (j-Gj]l A_iaAlj djl nA<ft\l (j J$Ll 
CIjIaAaaII (JLgxJjoj! (j^-ftJ .C1 j!aA-g-g aIj-gII oAA ^-gjoA (j-G A j.W^g (JI^-g ^A CALuA-g 
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JjjjVI j CjU CIjIjAaaII (Jaujj . lfr.n.£yL^jl Jj.1^. -JaflS 

. ^ j j (JjjjjujVI j 



^LJi \ flip .1.2.4.14 


iX ^ 

<j! VI • <— (J-Ix-gII ^ic. (3fiaJ gILg *liixJl ^j-G ^j9j ^jIS 6(Jj-aVl 

. ^ (JjjJjULg]I £.1 ^)^J1 (j-G (JLaxHuiV 1 AjuLuJ ^Aj cdjI^^Ua (J-Gjola] CllXjoljJ Aj-GjouII 


^j^axQ^k ^ PAI (j-o c^S^LujVI e-lix 0 U -0 AjJjlaUll ClA Vn^ll (J-qJjoij 

Aajjoijj CliVl^ll (_yzx..) ^3 (_£^)^jj tljjlxG NMP (JaxjjolJj .MDI j c4j‘n\j,G ^j^ll 
(j-G 0_jjl i.xoll NO Cljljl_*_ljl ^j-G Ajl2J^a 1I djljjjjalAll (jC- 2 JJ jabQ NMP (j! . 

<j! v'i x til NMP <■ . ij>"i * mj tilli ^j-G .aj^UJI cijljliill ^!)LIall djLaOxo 

.c^I^LjjVI ^Ij-g cClAiLja^U A-Ujuj 


^jjSI Jlilj .NMP cjjJ-aj ClAjji-G (JI.\n>rtV CjVjL^-q Cj^a. ^jIawjVI &JI 3 J 
PAI (j-o <_£^>^.l ^4 jjI JLdxiLaa! L-iUalj 11 a jl V] tNMP (j-® JL^xIIuj! 

• ^ cJj ^ inn) 

(Jc-liL J aL15 PAI ^4 jj! ^llj] 

(j-^J MDI 11 a (Jc-lij .(Jj^j^)£]I ^pjaij (JJjSjI (J j^j^^ll £-g t4jn\j<Q 

Jilal^U ^Lli PAI pxA) Iji^Aj .^jUIlg J^i^a jij-J c ^jljj- / 4 t 4 £-q 


11a (jl ^^A £>1 a CIjIjjjuj (_£.l^.j j_^)A£-S AJajail^j AliAx-U 2 

. tiill ^j-G IdLai AjjI jaJI ^)-al ^^11 ;Lg\j Lj^laC. Asu 
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Je -lijj <duLiaj dlli dlld^j-Q j£j (jjiill (jjjJaxll -ll-oVl^ -IiajVI (jl -l^j .d] 
d 5 LuiVl e-id* 4 ld. J dllildaYl . 4 ^ (Jj jj^£il J Jil .a. j^l J AAjIS I." 'Id'd ^ In' jjiiiil 
. Jjjjjll jl te jjUloll dil <^jdl jl cjjJJdl diddlj jl dil 7- Vil jll ^n, 

diljllnll jl ^jj-ojl£JI dll jdjl jl eld Jil dll Jj£ ji ^ 'll . dill ^Ijn^ll dll ji=^o Uai 

(JAiVI j (jj_jljill j (jjlijSlI LS ^a dilxlu_JI U*i . JjjJI ( _ s £-Ijj dilillii (Jj-o 
• lljldi a jk jidl 4 _g_ild-all al^dl j-o dlj yzt- ^ jjjx dll z 


cm&u ^ujIa^i af.y±A t . 2 . 2 . 4.14 


jjjll si-ijl 


U! 


46 


dlUidJI j jdlj Ajlua^-o 4 -q^ILq dllj dllc-Lu^a l do : ^ dl 


(jl Vj .PAI Ajdc-I ^gk (jdj__Jli *> ■ dl dllddlll uid. ^gk U«.d I Jl 

^Vi ji ^yi Ajj-jA (j! . ^jlLx-alill c£li4jaLill j 4Ja,,i.ijx djUaJall AajILg 

. ClllaijoLil! 3^-4 (JaaII (_£ Ao ^^3 (jl_JJjJ dll^^-lal ^^Jajalll ^JJjjll j 


CjUixioll L ) -0 ci^J 6 ^. 9 .ua 11 (Jiii 4 I-vLoa l- 44 lj l^)jJa ciili ^ja AxjI j 

Aj^)Ajg.‘ll PAI (jl . Cljlc.Llx-all j)A A_LaLoJ C_kx-aj All .a^)LxJall 

^Lj£l) jjxnl^4j cililljS j jjV I ciliJLpVI ^j-aAaxj IVIDIj tAlj*nlj«a 

jjjla jJAdl jJI ‘J-xAaJj .NMP J& L_4jAa1I . Jjjoi£ ^j£x 4 ( jjjlplj ^4-CO- (J4JJ4 

■(oAM jjJ ls^Wj) Jjj t> 


*L-£ 1 SI d^jUaJI . 3 . 2 . 4.14 


A UVaII J A_ilLxil AajIaaII Cllli A 3 1 > *o^UI jIjaII AjjoiIja djlc-Lix-a .ill 

cl Ax-sail (JAall jjc. iVj^ll a jtiAA -la4j C lArx^l .A_ill_xil ajI^jaJI 

. 4^ PJ Ajiiidl j c ^a^jjl'n'ill j ^ jj^iy I Ja 4 ^-l^j 

A.’4x-aV A_ixiaC- 1 ^^44 ] ^«^-4 JAxaII PAI J4^ J c** ll n^jj *^J 


^Jjj cAj^lill PI AliJa a jAj Ajj^jjII ^.x-a'l.h .Aa4jjj£lVI CIjI jIaII CjL^, ^ 11 A. la-iL-a 


. 48 ’ 47 c>u U 2 l <LL 
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Lib&l .3.4.14 


A_iltx]l dL^.ja ^a ^jjLi£! ^a PAI i bLill JIa*jjuj! jjal l5^)^ 

Sjl ^*11 AajIsa laLJI lfr\4jnfaj ajAljVI <-J aLJI (JLaxjjojI tUajlVl . .»atxJI jlc. JjsIjaI 

. ajAljVl <dl_ill (j-° cJ^-a! PAI ^ aLill (jl 

nlj^ (J^ia,^ aj ja^^il (j a jda^A c jxaJ jj (JjSj (j£aj c (J^aII (J^f *-* 3 (^ c - 

dL^. <Jjc. <-^11^ ^d . cdiil! sa ^ j <&ja jjc. (JjI^-aII ^ja tNMP ('gk MDIj 
IjIa 220 270° C aic. dlJVI t>g ic' (Jji>^i*s\I .1.5m A_ljla u^>^? 

Jal c_uAa]| ^ja j^aII ^^Idll ^a AjIjju Ajj*s aaII jjc. <*— iLilVl ^ 44Vi .AiLaallj 

* 

L_alj]VI a ..t V’ f ij-n. tCjjJj'VI jj^s /j 1 A. . n"i 4 ali’'^ ^jjc. i— aUlVt J )_> a 4 . %1 

. ^ 5 Uji ma.< t . ..'U 

(JjlAulalill .4.4.14 


4j^*^ai ^Ij-An aJ4 4j^ .1.4.4.14 

p (Jiil t 4^ J . ^- 1 1 1 1 ^ IjaVI Aial aljAl PAI ^Ijjl (JIaxIIaV dV jI-^a dj^. 

^a £ jjJali dd ja (Jl jJa! cJI^-a ^ I ^jl aal . C_JJ jiill ja^.V \ I** aVa dd, ja <J! jlal (JdA 

dd ddjA Jljlal ^Ijj j&j cl550nm J] 800nm ^ dVLdjV I 

<_£l ^ 1000- 1700 nm J > ^k c-jdall AjajVqMl dlj;^!^! (jAaj .c_jjjall ja^VI 

£ jjJall Aj jjJaxll dl j-A.ll j^ll j*al.wa.*Al jj . c_ij j<il! ja^.V 1 dr\J dd ja (Jl jlal (JI^-a ^a 

^ja AdUJI Adi jjll Cj! jj! jilll ^jc. c_jj^)all ja^.VI u-^j Jl ^ia! Jla-o ^ 

i (Jjnq\i_j ^) -q _3 C)^ ~ C5^ 3 j).^u]l j JalJoiAV 1 


.A^jLIaII A-iaJa^ll jaj3! ^ja cilia ^jjc. j 

^IjjJall inrti Ajjj^aJl ^\ y*i\ 5Jal al ja! AjjoiIIa (.“u*nl Aj.\) V4*i\I CjI jjaJ jJI ^jj 
cilia ^a (^a±j ^ PAI aJI^. ^-.i^.j^a l.jJa.jl laA j .^ij^All 

^IjjJall ^ja (J^laVl l 4agjj . Aj^jjb^jli dal ^.i^aIiII ^a (JIaxjjoi^U Ajla^. aj^jx^j 

AalViA ^ja ^jjajI^I ^^JjjJall ^alx^i dL^. JA (Jl ^lal AaJ-a A A ^.1 J|j c > ^ j 

(Jl adail ^ I iS *^1 • jl (J jlal l^jL^. ja (Jl jial ^jJaLiA L_1J jail ja^.V I 
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Auj^)3 (jCai^ul jjMj (jC- A^CalxIi mV 1 Cjc- Ail VI . j^j-li^JI CuI^jIj ^)^^l 

^Jj Loj-ftC- (_£CjjJ La-o t^-^Jajail! _jjjj1I ^aLi^jl ^A (_£^)^.l A n * » cilLiA j . ^)Jaj\^j]| _jLai£j| 

. < Q.lx.jJ^a J^L-alill 

^Julajll PI jaaj] jJ Aial j-oSI <illi (j-o cs^l jl **^l Ajjjii jl PAI jj-<u] u^Sjj 
L ula SjLa AuL»«<AJ PAI (J-G £^^j]l I^A (Jua (JL-OJtJjall .lie. .S^Jjl^A dll ^)J-G^j J-0 ^j-0 ^J^lLoll 
C-ljl ^jjat^JJ tilll ^Jl A^ldal .lc.Luijl ^)j£l 6^)JudaSI ScLol ^IjI'sV I (JL^A ^Jj-^J d a.)S 

Cul jua jJja ^1 jpfll iS^^- Calj PI Aijli-o S jj£^)]| ^Jl Jjlx-allVIj g-!>Ua]l 

cJ^J^JJjl^-4- jJjK ^P^-6‘5‘3 dj-ligul (JjjLujI ^Ic- AL^yi ^gic. Aj jj:\.a 

. ^0 cdl£ J^L Ajtijj-o jlm£jVI AjjjS (jV cAjjj-^JI CjlknlajU dJll! 
4 3 (j^aA**k d^j-li^jl L_fljl£jj CjI ^JA^jj-oll ^Ac. (J^J-a^JI (_£_^}^J 
a^-jIIa (Jj-gI CjIuLu ^a 6 (7- 14) JiuiD ^>lajl ttilJLla Li^°jjSjjji£-4- 
Ca3 (7-14) JiSlI ^ A_±Ua]| Cjl JJAjjj-oll Ujjd. Jl . .llAjI A-j JOAA dll JJAjjjA 

. ^ <_£^)dVI (j^VI dlLuljj ^ja JCc. ^^ic- aIiaI p-UaC-l <_£ j^. 

(Jc.liaj PAI ^)Jaj ] 34 UJ^ 4< Ljjl£jll tiUtlill j-oj Jc.lijj JUajVI jjajjja 

(jj-oVI CjIuUj lg-maj ( ^A ^^jaiLml Cnj . ^flLiCal ^jJa! ^jLu £-a j^)^]£]I 

. eCjAjVI (Jc-lsl ^^2 Uo^LauJl 

Ujj-ua Aj^HaJI jIj-a]| .2.4.4.14 


^Jj-£3J ^Iua3 . Ajju'i ill Cljla-ula.il] A.a^.a Lu^da Aj jIia ^)A^j c^ 1 ' ^J^-aII CjI ^)Jaj]jj]I 

^Ic- ^Jj)x-o^\l ^j£-oJ »(j,> *>^\AI (3-J^ g- ^jCall ^a^)*u]| dc. A-ojIc- Lu^da Aj j)]*ia\I C jLaJI 
(J£jolj (Jc-Ulu ^)a^)]I oCA ^)aj Jl^jLj Lu^jJa AjjjViaII CuI^ja.iI^j]! 

Cull JJA I viUli (6-14) Jj^JI ^jjjj . ^jJal] ^)ja^)Jiu]l Cjc- (3 " cJ Cj il ^)Ja J_ jj] 


•JJ 1 J-j 

C = C J j5 aV ( 32 ! j-<JI cdli ^-0 N = N A_]ajl^)3 ^-o^VI cii^C ^Uaa (J^l jiu 
JliJl PAI lS- 4^ •1600cm 1 (jj^UI <al^ 

(j-aji-JI jjt jj) 4j.Cl -41 (JXWI i-'V^n.n^ Aljjj . Lille- 

. ^ Uj 
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51 

51 

51 

51 

52 
52 


jjl lit j tjiat IiLuUj :(6-14) JjJaJI 

(jj-oVt CjLljljj 
(jjjjj jjl j jjl9 - 4 - jii*l ^liS-4‘2 
(jjjjj jjl JAlo - 4 - jji*l (jjlij-4‘2 
(jjjil jjl jjjia - 4 - jiiot (^jlij-4‘2 

(jjjjj jjl jjjjj-4- jijJ (^jlij-4‘2 
(jjjjj jjl ( Ji^jl JjjjS JJJjj^)-^- ji^al (^jlij-4‘2 

jjJ (jjlu-Sil- Jjjjjl ^lij-Jjjja jjSi - 4)-4 



[jjjjj jjj^I (^lS-3‘1 jjjjajj jjj-al ^jUj-4‘4 


F 



uWjjjjjjK ls j-uI-1ui ( Jjjja _jjj-«l -4) -2‘2 


F F F F 



F F F F 


jljj__)jjjji£ ^^uiIaui ( cJjjjs jjjls ^g^-ljj jj-uji -4) (_>ujj -2‘2 

CiLjjjlalU ilitjAajjj^ :( 7 - 14 ) Jiuill 
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NHo 


^12-34- Jjjjjl (jjUj-Jjlja jjjjj -'4) -4 ^Uliual :(8-14) 


AIiIaiiIoaI] PAI “UijU. (J^kj^Loi£ y 'j\ J ^-IC- <x*uoj^a]I (j ^i]l (J-oaAjoA 

. AaIaS^JaSI fiAA (JaA ^ l iAaA ( 8 - 14 ) ^ (JjAJJ - ^ 11 r. j.AiH ^2 

UjLj^S 4JjHa11 .3.4.4.14 

S'i-4 cy*\ jiJ! l>“j^ j5«j jA (Electrochromism) jjlill 

Aic. c-Aii] aAwi^Vl dAlc-lij ^AA } • ^’53 aA^^i LlAlc-liij 4 ^ ■ - 

jU-^j LS^ Aj aALall LgJUC. j ^Ac. d jLoll £jJaj 

.^Uj^ll QjlAI oJAsLLq &ALg ^jujI IfcAc (J^Uaj (j! ^11 6.1C. 

QjH (J^UI C5^ ^)AiA]l (.** I.Kj (jl (j^4 

(j! ciilAj j . ( ^j\j^)^ (3^ J^Vlla..) (jC. Aj-aL-aLl-d C., VlAa 

j> 

-Aj-all (J-ojtlLaij . g. j)x J^Al AAiai-Q A-I^juAIaII l3_^ AjljoiVI A.qJ-a \a ^j-q ^al-k^a'i^Vl 

.laJ .Aj£A Lai j-gj Aslj44 CjU-nJalll &1& ^aaAjJ . g-jjJall Jja.iL ^Vl" UjIj^)^ Aj jlixAl 
Ajjauujdll ClAjUaillj c CjI jIjjoJI ^ SjLjaxAl A-iil^JI Ajj^)31 IjIj-g ^ Clal^nlaJ 

. Aj^)j-aJI CjU jkxJI ( ^Aj cA_i£ill 

(JLaxJjujI .UjUj^S Ajj)\**)x>\l AjjjJaxil Jj-o aA >. — cAIjA 

c^j-a ^A c-j .PAI dA nl ^)1 JjjAj AA-alA g.UaC-V (jJ-d JaLS o-1^> j 

^’^6 JjAaI (j J \) -4 ‘ 1 - (J-lLa c ^ALjJ- / N‘ / N-( cJA^ jllxil - 4 ) (JjJ 4J-N 6 N t- \)‘fo 0^4 

( ^ 4 -^ 4 ] <■** nljxt ^j!)\j) (JJ44J C1jIj£^)-Q £-0 (j4-ol cJA^ (^ 5 -*^ -/ 4- ^44-J J 

. AJ^IIaII PAI 1 LS^ J ^k-iaaA] 
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V jVw. Ajj j4 J^\ flAjoiSVl Ajc- Lljia. U jjjl£ Qjxl Qjfsj 

-AjjUt'I 4 a'^ll JlAilulj oAxaSVi (j^a£ L '°,.^ J4 (j^xJ . (Jjjja j^C-Uj Jl 

.* 

L t \xsTk\ .A_iijl^]l A_iUa]jja]l (JjjliL ^L^,^)Vlj 6«luiSVl *1 j PAI <iJ^LaJ C_Li^ajJ 

^3 (_JaxJ1 (_£^jjoj-g j ajJijVl -lltai^jlj A-lUax A_i^.L^.^j S^jj^j j^Jc- AjjaiC^Vl 

Ij^j-aJ L_fllijai AijJa.Il JjjS^j iS AJajgjl^J ^jIj^^JI ^j^liil ^a,^k.4.j . c_il_^Jl (Jj^jjj j)*n » nV 1 

. A_ia-*oiijjil Jj^3 — A-IJ^aI! AjuoiVI A-iSLilaAJ li^ji-o 


Ajjlaail .5.14 


^.LojujVI ( 8 - 14 ) (Jj^il ^jjjjj . aj_j! v^ll cijLo^ljtJlj (jj-^jj-oll ( 7 - 14 ) (Jji^Jl ^jjjj 

Sj^jI jJI Aj^L^ill 


Ljlai S j^jIaS ( jxajI Jj^I ) ^ jj lj! ^Jc> AiiUl : (7-14) Jji^Jl 



l_£ J)\ aiil ^jojVI 

Mitsubishi Gas Company 

AI Polymer 

Quadrant Engineering Plastic Products 

Alphamide® 

Albany International 

Pyropel® 

Ensinger 

Sintimid™ 

Slovay Advanced Polymers 

Torlon® 

Toyobo 

Vylomax® 

Atofina 

Pebax® 


dub » -6.14 

CjUlj^yi iUilj ^_x-ajj .PAI Cil ^.bajl^j] ^jLoVl CiLilax-G CiliUaJ ^)3jJ 

(Jjc-ILo jjjIHj CjIaTi^j (j\ (J^-gj .Ai^LoJI Cil jx<uJ jjJI £-g J-olxiJI i ic- dJj^x-oll 

V t^jaiLail J<; i*i j j . 4_lqjoJ1 lil^i il^j (JjjujUil e-lijl A_i3 ^JLiaII ^jj^joull . A j^nlSLia 

jju ^jl Ail Vj .PAI Cil jaajI (_£ jl^>aJl JUM1 ^^Ac. CiLail ji CliLiJiVl iy jJ 

Cil j-a]l (jj .Ix-o PIj PA Cil^)J^.)l^J aJU. ^3 a-lyj Lq Ajjai cil^V.i.il A_iii (jl 

(jl ODA J (j^-OJ ^\11 a3 . I^jujSJ Cil ^J-Gji^jll (j-G S^jla^. ^)j£l PAI AJU. <^3 <U>lXJjaUlil 

i A\y\\ ^jjjUuII ijc. jl t(j\ juaJlLjjVI ijc. ^»Lai Ail .Cijjj 1 jny Ij^iaj ^jUajjaJl i. n*nj 
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^ l i' 


jU cAdaLdl frLi^.^1 ' ^Lu lilli ja£lj .<c5ldjl .Vic, ji 

. AaaLdl AjjjII i _ s Jc. iaVl 


5^.1 >4 \\ J SjJ J\ AjjLs^I :(8-14) 



lJ jUklill f-uiVl 

(. Q j\l 

Bayer AG 

Desmodur® (Series) 
^ djljUjj jjjl JCii cJA? 3 ^Gj -'4 ‘4 Sac. la Jc. jaajjlAj] 

Olin Chemical 

Expandex® 150 
^ ^ d^slc i d yj} jG cJaja^ “5 ij' a ^Ga 

PMI 

Galwick® 

^ dGa £jG 

Dow 

Isonate® 

^ djUUjj jjjVI Sac la Jc. didjc^jli a \j*\ .Is 

BASF 

Lupranat® (Series) 
^ CjULluj j jjV ^ Sac la Jz- cj5lj£duj 

BASF AG 

Pluronic® (Series) 

£aG i Jjail: yyi aj^GjUrjdjljj \yS* el i-jiiGdi G jlu'Lo 

41 '. ~ 
ls^G 1 

PMI 

Porewick® 
^ dGa £aG 

Solvay 

Radel® A 

41 ( d Jiij ) tA# 
Solventnaphtha™ 

^ ^ jGo ^ jS jjaaA ujjG 

Exxon 

Solvesso® 

^ 4jjU»\ 1 GIlc ■ " j jja a 3_il 

Solvay( Amoco) 

Torlon® (Series) 

^ ^ ( aa^jj acai ) Jj$ 

Toyobo 

Vylomax® 

^ ( aAaj] acal ) Jjl 
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15 


( IiaJi) / J gj dil >iaj i gj 

\ ♦» «*f/ s/i* ♦» V* 


^)}Lal ^ ^Uj CjIajjjIS <- V'K J ' (Jc-lij (jc. 1951 j»lc. (Flory) l$jj Is l . -isl 

s^J . ^ ^ .llajl (Jla3 £-a (JjlualilaJI AjjjK i a^'K'i Jia jJI ,~iuijl 

■ Vic- ialll jAaJ^jJ (jj£j (jl5aj (_£jj\k jUi! -iil . .\ 1 -a jVI (Jjaul -N <■ " 1 ;5 J ^ (jjSjJ 

(Maxwell) Jj^afLaj (Edwards) j-ijlji ^slj .IjajUij iJ k-\ Jla*U 

CjUjUj Cul£ . ^ 1955 fit (PI) ^ ^ (^Lajj) gd jj Cjljj-aJjj (jc. (DuPont) gs-d 

gjgal CiUjUj JLaxSaul (_£ gll9 j ^2 j . '■ Agjliall <Lax2aaa]l (jaaY 1 

•» * 3 

*^A PI djl^lxul^j (JA ^IjjojLujI (jlc. jj tilLiA . JjJjal La A^LiJaj 

.llx^aJLAll ^^ill • 

cjljla PI <y> g>=>U. 'ey gr* (PEI) (-^j J4) bj 

LaA 4^JlxA Alijl£-Qj ^JA La C*\\*lAl J PI J 6^)1 ^)^JI Cl)L^,^)J 

J^bj A-q^C-AaII tJaa.x^alLj Aj\ c CbLufl i (JIajcLujI 

. ^ j J C£_ialL<Jl 

djI^lAjVi AiL^aj .liAjjLluUJj ■ 'MajH.AjuUJ ClAj£^)A ■ ‘Ij'xA'lH ^ aVd 

.Aulc-lij JjjjI (J^iiS ^3ajail J} ClAjl^-ill 4\l~ik‘\ C' i.h'i . oUait, a\\ ClAjl^-ill Cbli j^\ 

% 

g.ljAj^ (jl . A kn jJI djliliiill <_ja til]3 j Aj \ ^1 c^A (Jaxjjujj 

. lj^)l^}a. jJU L>° cJ^ ^3 A^jLolIa -llAjj D_jjai£ 

^ja (Jj-^ailA l JjAdllAjam]! Cljla£^)A . ^ ^ PI ^jc. c_u£il ^•^ c ' 

AjjIIaII PI lJ _jja)1^j A^,_^a A_iAaIa A^JLxa LiA PI jj 

•EjIj- 


Jjj-aLa]l ^3 ^ i-dljl UJ 2 "'V^jj Jjj' *■ . Uilt^ ^ 
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CAjiajIjaI] . 1.15 


tPI Ajjailj-^l djl^)J-Q j-all ^ Lllaj^ai ^ial^xJjail 

<1-15) ^9 4x<.q dll j-all . ^ Iaax-q Ldal 

* * * 

l VuAi .(1-15) Jisll 4.ni^ PI AaIjaxaI^ ^ AiaatLouJI \;j \;g jV' ^gjlxi *■ “ '' 5 j * j 

: 4JUH e_a jjjAi^jVI CaIa£^)a 
t (jj^iill Aj jAi^aI aaIajUj . 1 
‘A?J‘"'A' \.J \.£ aaLaUj .2 

-( Ajj. jg jl jjjI) (_>xA 1 " '' 5 J •“ -3 

' J l -' 5’ AaJJ^x AijAi^aVI ^"O UJ^ ‘ \'J V'C AH ^A'-A AIiIaS^o ^loax 

jA (_JA]I c^jjjjAll SAxiSIa (PMDA) lilmluijjjjll AjjAi^ji ( ^gjljj j ->i -s.j 

.u*i3ljill Aj^jAi^aI ^IjlaxaY LalxJ *^aLxa ^IxluxaYl . (jj^Jij (J Jj ^ t _^C-lj^J-5 t 4 6 2 t l 
. CaYIaS (J /j * ^Iaa _jA i4Jj»A j;j^ ^^Ijj JaIiAjj AjjAi^jI ^liil s-Ailt xaS^ja 

(Jl jjj jlxiYI __)xj t^jj-iYU CliIjiLixi A CaYIa3 Jaiia ^Iaa SjxjA (_J_>?a 

i4jln A jjjS ^C-Uj (Jj'ijaj; AjjAi^aI ^jlju ^l iJ-awil Ljaji j£xj • ^ ^ AsI^aII Ia jlx 

. \;j \;g <V ojAuIaaII o^ojaIU 

(J j.^»-«.'l (_£^pxj . 280°C ( _gXa. ^jjjYIaII AxYLi. J Jr>JJ cAll'iill AljAl^ji jp ...J 
AjAS-j' gH^J L ? C -Wj- , 4‘4J3‘3- jAhiiJ AjjAl^jl gjl-A <> LS^ 

.<la]l 20 Jl ja. AjAjaj aflJuA ts fcljj- , 4‘ , 3‘3‘2- JAAH 

AjjAj^jl (jAi (4,4’-ODPA) aLIUa ^22 ( _ r u£ji- , 4‘4i , 3‘3 ajjAi^a! jaJs^a (j£xj 
(JAll ^gjullAu! (JxJtAxUJ jjxlljjj]l AaIa_JJ^)£j (jjJ)ijJJjK ^Ijj-O 

. ^ j ^ Ail Jlilil JjiiAS <AAxaJ ^jjljAljljC. 

-( (JaIJ 3 ls-^-A^ 3 (JaxiSjJjS ( _ 5 jUj-4‘3) ijaJLl-'4i4 AljAl^ji (A^AJ (A 0 -^ 

i. " 'I j ^ (jx ^xul j _jja c- 1 ' li . ^.1 (jl .A (J j \; ° “'J.' AjjAi^jl ^Lii ^Uilj j|J \J..'.'JJ.'J jj 

.PI 1 ajYaxx (2-15) (JS24I (_gi AaJ . ^ CaLuaVI ^ Jl^»4 x (_$ji.Vl ajja^aV' 
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lujj ) till jj AlLai (ji cji jiAjjjA :(1-15) 

\'J \'g CjLjIjj 
(PMDA) ii lm l j .0 JJ±! 

(4,4-BPDA) J jui'.' ~ , 4‘4/3 t 3 .i;j.i^J 
(4,4-BTDA) j_jiiajjjj- , 4‘4i , 3‘3 .iij-ijAI 
(4,4-ODPA) 4Jlia J>\1> -'44/3*3 

(4,4-HQDPA) tlyJw _ ( ^-“^.A 3 ^BS-4‘3) 

(3,3'-HQDPA) -3 ‘2) -3 ‘ 1 

(4,4'-BPADA) jjiiij j jjj jjj -( Jjjja ^AjiJ 3 J cs^-4‘3) u^ _, 4‘4 
(3FDA) liUtia tjj A/'i JA! 3 j jjla <_5.J_4i.-l- jjjla <jI£>tj-2‘2‘2)-'44 <_jJ-“ 

(jioVl CjUjli 
(ODA) jjlui j -'44 

(MPD) (jj-«Vl <_jJ-“ (jJjjja-m 
(PPD) jAaSn ^Ljii ^jj Lua -p 
(TDA) J^VI l 

(1,4,4-APB) ji?J4) tjjaj-4‘1 

(APB) (jJjjSn o j j % 3 -m)-'3 t 3 

(DMMDA) (jljj* JAj 3 lSAlc ts J-"~ , 3‘3- Aj- 4 ^jUj-'4‘4 

(BAPP) <jIjjjj( JA^C jifJ -4)-4) (_>uj-'2‘2 

Lt“Vl jjUji^A -4 * 1 
(4-BDAF) jjJjlujjjjJjj jjjla (^J-^f lJA! 3 ) _Aj-4 _ 4)-4] (_>uj-'2‘2 

(DAPI) (jl^jj) (_jj!ilj-3‘3‘l-( JA; 3 _A*J -'4)-l- _Aj-4 -6 

AjY^O 

(MA) tiulLo 
(CA) Ajj A' A*-* 

(NA) AjJ-j 

(PEPA) t d j LmS jjjS uij^ _ 2‘l-( JA^! l1A4 )~4 A-*'' 
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i-*\mli<ajj.u tJ-ijiii.) - 4 ‘ 4 < 3 ‘3 



( jjjjj-( ^lu- 3 ‘ 2 ) u-uj- 3‘1 



( AujI ) gyJjj lj) jaajJjj 41mlLuia 3I tliliSjj :(1-15) 


(PEP A) ls ^ (jjJA-2‘l-( JaAjJ JAjs)- 4 'll (JaxILolJ 

(Jajuj ^Ljaj^U All IS l.g.'x'S. L Og.j tdal-lLajj A-iLilaj 

(J-ol jjl£ CllV JjlaII (J-gju tiilj ^Jj AiLjaj (CA) .lj^).ljgjl 

. cAA^iil ^ <!*>♦*< 


.( 3 - 15 ) Jisll <ulq dilALojI (JjJI ^U-<x*iLolaSI (Jj-gVI CjIj£j-g 
(ja lSA^ ^Lij (^£-'3*3- J^n-4‘4 
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o 



( IujI ) ili! jjai! ill V jsus : ( 2-15) JS«ui2I 



j-iiilV I ^u£ji -'4*4 j jlyni -m 



jjlilui JA?" 4 - 3 ‘3- - 4*4 



^Uj j jlurt -p 



(jUjjj ( Jjjja ( -4)-4) (_>uj j - 2*2 



ijiaSfl (jjLij libs j^> :(3-15) 
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gji (DAP!) JAj-o <_ s 2^j-3‘3‘1-( JAj 3 jijA-6 

DAPI £-« ‘PI (A; 4 Jjj 24L .^LJajAU ALUll PI all jj^ul jj 

4 ;; Aa AjjjJaC. alllllAxi ^ ^ iV 1 tiiLAj Jjll ^jS . j Sllai-a j “CLuUj^)SI -CiL.aL.ti ^ 

^ S / ^ * 1 S ^ •* 

(jl A] z . 'i j'ClA-a ClAo 4^jlill PI till ^uul^jj jgA'i . ' 1.1^. 4jtSJ^a 

gjjljj [ ( _ r uAji)2- jli*! -p)-4] 4,4 -ODPA SJc-la LS lc. PI Cil 


16 


Clujc-I (jJjSi ^^Ic. ®J-^J 4 jN **■ '' j ^LaJJ gpLlui JAj-o 


J S ja! 2 I . 2.15 

^ja 1 frC-l.3a.^ral j A Ic- ^Jja ^ A_JJ^ . djI.^jAjj ^lilau-aV SJ^jlLa c^lljA 

CjlijUj JaXJjoiJ AjjL^J CjIjjJJjoI \ >>ljl cilliA . ^JJaI CjUjUj J CljLijljJ 

•PI <> LU 11 CjULiiai jjjVI L " '' Aj * j 


esJjaai Jj>i! . 1 . 2.15 

(c^IlJ aA^^jaII . ^.nlrtk^AJ PI ^)aj 

^jj^Jjjjj-2- (JAia-N q.u1^.ja1I Jaxjjoijj . ^jjaVI ^gjUjj ^US 3 

.L±3a (NMP) 

A-iIaC- *Uj! .PI ^Jj (Jj Vnl (V'jaI ^>aA2k) j^j ^ja s-LaII £^3^ * fulfill aJ^.^)a]I 

Ifi-lC* C-LaII ^3^ U^^JJ 6^.La ^paA2k) ^Jj^i d JllAjj 

=5 > ^ 

.11^)1^)^, e-Lall A^ a A ^ajJa . 250°C a A »a11 .1 

Ajl . A (J-La 3 A . j ^ ‘ . ^ (Aa*4uiJ A . Lu yjll oj a-Lall ^ jj .2 

. £ Lall Jpl 

Aic. a.\;-ajVI 4 .j'^c- ^ All iiilmjJ \.'J \.'g '' ^ _>?■ . IAI;^;<; ?.Lall *3 

• 100°C s J 

•uilalt IjjliAVt A^^' ( 3 -a t 4 Aaalj.iiVl 4 jllc. A^^ allllllii JLa*ljail .V)C- j 

(A L^al ^ 5 !^ A- 3 ^ 2 ^ ( 2-^*1 A^l-lij ^ 4 a A_^ 4 l tA^ 0 ^^ AALlj Ig.'^A^aJ 

A^ j • uajHj gAiAal! \:j Vg ‘-ijLijljj £-0 ‘UalaJ! AjjUJV I A^°^ ^ CjIAUj ^ A^al A^ 
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(Jc-llL (iAma! 'itia^ (J^aaII ^)JC« ^Ja ib^lu oa aJU. ( ^3 ^IaII I^A 

^ .AIiaj 3- Q ^- c ' £-° 3 c '^-^3 (^^JaI (J-aA^) S.\)^j] V J cS^aL 

jl ^JJaI 3^] if^~* 3-^° ^gjalljall ^k^.A L_iLjaJ i LajI J Aj^> £.Ia1I ^3^ 

b.\\A]^\ (Jc-lij ^ja -iIjjaII s-IaII ^3^ • t^jU * J .Ij^^jg \\ j ^j3^ii^j3^]3 (j3_9"^“P _jt 

0J 3-° A-iilll ajjjJjai ^ iU*in A^j^)Ia]l aAA q\ V] . ^j^ia~\ £a (Jc-llillj \f\\ ja)^ 

.Aa jIV^a'I (JA cilllljajVI Clil.ljJ.lig3 J A-lllUllI C')\ \)A^\ JjA A-iSlJI d JaII A_ll3]j 3 C '^-^ 


^Jj Alijlg_i]l *Ia 3I £jp a1^.ja (jJjj Ia-I^C-j . J-i^liil 3^ V PI CllljJAdljJ j^n* J 
AjjaC-I AjlajAjll SjLa]I ^Ja*.A L-b^a I.Vaaa ^kjj ccillj Axj (Jj* ^31 Ajjlii jj£- 2l ja ^.\x^n 

. (. > n«a\l 331-^-Q ja 


ijnJ* -2.2.15 


. djUUu> j jjj ^Ujj \:j \:g '' ^Lij (Jc.Uj ^j ^ ij.ia.lj -Ua__>Aj Jjjjla j& 

i _ »-■>; tt.UAjV I ^LojV (_£.llc. i 250°C (jjajaiill O-ilc. <Lja]l 0.1A . _ ''Wn 

17 • s s ... . ^ ^ 

. CjIjIjjuj j 3?V ^ ^'3j (j^aA^Jl AjJaiklAll AaIc-UjII 

c lu] ja AjjLaja l lllj-aA (jiaA^JI \;j \;g '' JUj j JUj 

( jjjj3jjij-'4‘44 , 3‘3 Vj Vg '' jUii l£j^! • L . u ^'- a l . 'j ^.' ' g A gaj lillij 

CliULiiaij jjj (jl\;^ ^jljj £_o <3jill ojl^ja. .’lie. (4,4'-BTDA) 

* > * 

dlaJ 'j*. - .’J A4^^J1 (DMF) .luLajja J/'J ^ JLaxluiU 

S jl ja. 4^. jjj cjjjllj 50000 S jg>3 (jjj is'^ PI cs^ -210°C 

. 250°C U jA ^Uj Jlilil 


ljjliia.1 ‘ \'j \'g |V ^' diLuljjj CjULloi jJyVI cIiUjUj Jc-liill 2>oj 

•* # 19 * * .» 

A,x/l\A (_£ (j>A*A jl t 1 \l k U^SJJJA C1jIj£^)A 31 c djl34^^ 3^- 0Jt ^ JJJ ^ 

**' ^ j, '* , < ^ 20 # 

L_l^J CjI 3^a 31 3U^,,L i.^n n V AjI Vj • ^ J -0 

21.. .. t . t 

. L_JI ^JAAJ £..\A \ ) ^jl 

# > 

jLo CjULuj j jjVl Ljl^j A^. JjoUa]! AjAA^Vi J t— J ^ii-saj 

^Lii c^uk U g;4 .^i PMDAj 4,4-BTDA c^UJI 0 2 a aJU ^ . 22 P84 
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jUlLG Jjljljjuj j jjj j CjULjuJJ jjl ^LjJ 4 Ju I 


23 


djULboi jJjj ^jUj CjIj£j-q I^'iL^i 


^Ui) &J*1\ .3.2.15 

^Ic- (J^' ^>^1 Allj .PI 1 -IJ.Ag A’\kxs*) s-LgII (JLgxjLujI (J^-gj 

. ^ AjjL^j PI CjI jj-gJ J j ^Llixk-aVI 

^Lg qa ^icilia C1 jIj£^)-g ^)JC. ^jUII ^)-gj ‘ill ^j^x.i 

S-LgII ^9 Jj^)-g ^ lllaj^aVl ^j-g ^JjVl . ^A-LgI ^Lgj ^.LjoiSs^j^^ 

J-Ixj tAi^)xJI Jt Aj^)ii]l Axjj .<Lg 1£ Ag.^l^k 4.“ig.^ 1-^.1 AjjAig-lVI 

.£c!g (j^£!ii3 J^Ij-gII (j±A$\ ^jIIj ^LgJ C^l.llj x ^ jJ j£]l ^^jljJ ^j-G ^Ui (Jjjl'S a\\ 

(j^-JOlJj C ^ n J jll L ^>J .^^jLgII (Jjl^k.x.ll ^j-G ^LgII L-bol^JJJj 

. 24 ’ 18 ^l^ll PI ^ ^ 220-180°C 

(j£^j V tUlxSj .^LaH (jjjUlj ' g •>'"''] (jj?- i."'' ■^Vw'll (2-15) cJjPt*'" C&H 

(jalj-all lilli (jc. jijl*ll Ultem®1000 (IR) i ' i Vi i—LJall ^jxoj 

. ^ 8 ^Lall Jjj^lalL ^ >21 

l^j j£ in. i' oJl^J 4 n t a 4,3-aq'i laJ jjSJj .ApL-ajal j Amj JjIj 3 «.L2I ^.iij 

* 0 J> 

2AjU Jjc. i. - '' j * ^"''J ( .\;Alj)^Jj^ ^lilaaoV ^jL 2I (jyjJalli -S.li.lj SjJri ^2 jy''"' 

A li (> V.JJ . 25 jV^VI j JiL^U Jali JJC. gjbll alJ J j 2! (jl£ 131 t Jji.fttt 

Ale. oj^iuu J (Jjx joull aIA^ Cljl^jj-G ^Ac- (J^j^arfc.11 S^^ILg dll ^ jj-g^I j-g (JLgxjjoiI ^j^-gj 
lUAVi ( ^jj^^J1 A^J^LLIa A_Jajai j djL^IixG (j£-GJ ^jj C1 jL^,_jJ 

•Wj'j- 

^ ^IaJI (jj jialL 4^11 « ( : (2-15) Jj4a2! 



OP 0 ' 

4!j4^' ls-^ 

P84 

TDA 

4,4'-BTDA 

Ultem®1000 

MPD 

4,4'-BPADA 

PETI-5 

APB+ o4pi Jk& ^ j -'4 ‘3 

4,4'-BPDA+PEPA 
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o 


o 




jjlSjjill sj^LSI : ( 4- 15 ) JiuJt 


‘ULfljjlSjjjil AaIJVIj Sj^Lil . 4 . 2.15 


t “ '' j£ j a (j^s AjljajjK jjjll A^l jV4 ° j 

* f 

AaI^JI Aic. Jj-ojj CjIj^j-q A_LoiLoi .Aj^jJaxJI All^JI ^ic. (Jl.'h nJ l^_i3 


& 1 a ( 4 - 15 ) . (Jj'n^wi.n lIAj^^a (JLaxjjujIj Aj^JaxII 


u±ul\ i±A#\ . 5 . 2.15 

Jj PI CjI jaxu! jj Jj^a..U (Transimidization) Albliiil Sju-ojVI Jc-lsG j 
C j5^ AjJai^-La dal jjxn' ^Ic. (Jjjb^^Jl AjIa^II ^3 Aj! Vj .PI ^iL-saJ CIjIjIAj 

.aIIjIiIII I (Jc.lij (5-15) lMI o+h 

Aj_jAi£_jl (Jc-lij ^gic. 11a (JdiiaiJ . a11j\jl111 6.^Jx>jVI jg (JiL^ 

jlU-4 ^^ic. (Jjaj^ij- 2 cJl- 0 ^jl (^ ‘■^l^l^j^AiA j^a -4 

IjjIj A-Jj)a» II jjIjj .AA^V Aj^jlaC. Aljl£-oj ^adi-dl ^aC-Jj . (JlliSj^jAiA 

^3 (_>4^ ^dlx-dl JaALdl ^JaxJ . L_LujL1a]| ^jlj 

^JIjj ^Iaj (Jc.liii]lj aiaj] Jills j jAiA j5U-4 ojfi *^4a1I 90 

^jjmSI A^Jlx-a Ijdc. . Aiaj| (_>^ ^ic- c." \\ A ^.1 ^ja 

. ( Aiaj] JJj] ) J jJ dal ^Ic. (J£*l fi^dlxa Aiaj] 
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o 


o 



A^jUUI SamjVI Jelii :(5-15) JS4J1 


UjUajS a ji ljV! ^tuajli .6.2.15 

Ajjxx2_jJ djl«.l)Ua A..-^ jl Ajiiji A. j V4"l (CVD) LliLlxj£ ^.J-J-jjJ j|J 

Aj^jILq 1 ..\)' ( jjt."i ^y&\ Clll^jg y \W (jl VI • CIjI \\\a (JLaxJjujI jjj-lJ Ai^jILq 

# % 

Ac.lu.r-iH ,jx Ac. j'nx ^ j^>3 ^ LjLixj£ S^)ixYI A.J.>i jJ Axial JxaXjoU CxLiiixilj 

. jkfcii Axjiiiiij aji jii cxUHLi! j^V 

. LllLlxjS (VUxajJ ASJ^laJ PI j ( liLxl ) ^IjJ (jx Ajjlic.! ^Xlxdjj (j£xJ 

IxlxJ AiLi. ojj^uxll .lax (jl ^ jyxVl J \;j '5/1 ^Uj Clil jjx _ pjx j;A n 

l,g.xu>» jj (j J>..'“’ t _jxH jljxll CllLlx£ (J jxxia21 J 'A n'l jktxJ ^Sl^xII . _ ' . l^XAXilaJ 

. AlxiUxll (Axlc.lix]l) Axjxx jx£ jlxll i_Uxill (j3 j 

J^xaSl Ajoi UjUxjS jXJ l^xic. Jxxaaxj ^^xll PI Cxi jxxxi^xll (_£Cjj 

. JxlLi-ttll y Uxa jjx ' g jlc. j jxr-i^2l j_J CxLlutx Ax jlio dl j j . ^jxaii! jliil Ax jlAj j 
S^pxjVl AQ-^ jxj Axle- (J.-x-v ' (_jill PI jxxx1_jj ^ i“Mr.li'i ^ij lilli 

. ^ CxLxcVl AjJ-^- Axjj^ax Axij (Jxjxalij AjoiSlix Cx^i. -kl j . LUxxxS 
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J jLLJ I .7.2.15 


c.IJjj 1 (J j nQ n Aj ) ■ 5j ^,5 1 CIiLajIjj ^Lilaj-al 

^lajl 4_Jlc. PEI CIAjjUj £-g Jc.lij]l ^j-G ^cjjj .a jiL 4£1 *_a]I 


(j-G ^ Aijjiall 6^_J Igj'c. J^a^J PEI CIiIjxgjIjj Jj5j .(6-15) 

32 3 1 - • - * 

. ’ 4_*_9j^g ^U.J (Jl£ijl CllL^^p <_£.ljjj cAjjjJa*JI CIAjjAgII 


(■^jjJjj) (Jji .8.2.15 

. djl ^±a ! Cjj& (Jc.lij j (7-15) )>ull 

cs— jjjl£ Cjl£j* Jl axluL (AlAlljjjj) ^JjJ J) (Axi ClIj—LaJjJ 

. ^ lilijjjall jjjli AjjAi^jl jl 4-1 loj7I 
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(jx JjajJ jjjjjJjV) Ax$£j :(7-15) JS*3JI 


‘PI t — ^ Jl-all_Jll -OaJjaij till JJ-aJ JJ ^LoJ&VI (.ll«j|jjjj) JjkJ dll JlolljJ ‘■“ 

j'l£ dU£^)x a-o ^_i£i Ac.^>jaij ( libol ^J>l,a^) ^1 Jjj 4 »'■*<■ " (jVLcA (jV 

\)J \'£ '' .' jlLa till j J . .'n-ajl jlS JajoiSa LS ^i^ (_jjl.ll Jio t -IiaiV 1 (_jjlij 

-iLsjl j jjl Ji al£ (_£ i jj ■V 1 < a jV 1 (_S^l-jj _JJ jl^ 1 . 1^ J-Q (JLojClall jl VI . liliiuuV I 

(_)a!^JLJ 4^JLca1Li j£l J .(_£ilxll .^jVI Jl tiliiutlVI ' . J \.cl ^ (JLoxJjall (_£ijj jj^. (_^ 

-3‘2‘1- (_j^ jjiia-3 jl ‘Jjjljjj jj>ij tAjuiliAll (-jSLcjII 

^likt^jV Ajjjili* Aliiill aA4> .AlojVI J] ixaJ jj-jVI Jjjdi jiaJ ‘ (jjl -4- jJ jll jJjjil 

. Lljl^a. oiL^alall aJSLJI iJjsjl (JLo t - \\ y Til J 


tilliSj tl^io Ajjjill PI dl jJju!_jj (jjs VVLdl jliSI (.lLajljjjl) JjtJ dljJjuljJ (jj 
L ^ ^JC- LfrlLaajjgj' ^ > t ^ \\ . -At 1 \ . Ldliiol 1 ^ ^ 4^, jjl jlA 

jjui jj (Aj-ftjj (JLojjjl) ^1 jj jj.q j jj <LoiLj j^Ai VU1 a 3 .PI dljJAiljJ jc- (Jjij 

• 35 (a“' J (Jj) iJji J (Jj^) tA# ‘(AA?Aj^) iJjf 

(-AjUajlb AIaaISI (Jjaj)) cj JJ dljjjuljj .9.2.15 

PETI £|jj1 .1.9.2.15 


(jAa4A.\) (_£ A [) S.li^.j Aj&^y* c_iLjaj Lo^jc- 

(Jc-lijj . 1 X >ijl 6^.1 J (Jjmjl S^)-qJ)j o2l^.I j 2Lj^)..\.}g.jl ®^)- Q _3 cJ^^J PEPA (jl 


lAA^.^ Al^.^y± (_^J .b-4bl^bll c-IjjI <LaiLaiiS (J-<i*Jj -ll-aVI 

A_Jj1xJI (Jjjjjjj (Jjnqll (jj^ 

. Lilc-lij ciLjLill JUatlml 
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14 PETI dljxdjj jlf-fl toil :(3-15) JjJaJ 


[°C] jl^x-aiVI A_kki 

PETI £ A 

297 

jjJ Jda 1 jAa! JA( JAA] JA 3 )-4] 1 __>jjj- , 4t3 

PEPA-3 ,4-OD A 

260 

-4)- jjj J® Ja^ 3 ts *«Sjijs-4)-2‘2]- , N‘N 

PEPA-4-BDAF ( aa! Jtia JAA! JA4 

285 

( Aid Jtia Jj\nJ Ja?s ~4) i_y^( u4A! jAA 3 t5 jl£- , 4‘4)- , N‘N 

PEPA-4,4'-MDA 

296 

( Aid Jtia JaA! JA 3 -4) (jhjj( (jjlA4-4‘ 1) _, N‘N 

PEPA-p-phenylenediamine 

248 

( Aid Jtia JAA! JA! 3 -4) <_>a JJ ( jAA 3 -3 ‘ 1 J-’N ‘N 

PEPA-m-phenylenediamine(MPD) 

167 

aiujI Jtia JaA) JA 2 - , 4[ JAi 3 j_A cJAA] JA4 - 7 4-( ^-d A4 -3)-4]-N 

PEPA-APDE 


a-lx J j .AjJaikd-o 6^)1 g >.s-i I-IjaII I2& ^gic. AjuJ! jI^aII 

[j I ^Jj (Jj \njj (Jjnq\l Sja^I ^-IjJajVI diWj V j . 210 — 275 °C CjIc-La 

^LjajVI ^).Hj • 300 ° C 6 ^) 1 ^)^. 4 -^-^p dl^J <jgj jjaina 4 ^.^p 
. ^ i^U »*n<a jcljlj 4a jAa J.)\nj (Jjn^\l (Jc-Uljj . 300 — 350 ° C 

CjIjjAaa^ (PETI) Jinnj 4 .Iiaj^I CliljjAjjjA (JIaxjjujI (J^aj 

Jalij ( 3 - 15 ) ^ jjjj . ^ (Jdxjaol] 4 _Llall PETI Clil^JA^iJjV Alalc-lij 

. djl ^)JA^j jaII (JjA ^l^_k-£ajl 

dllLd .PETI dJ^iAjjjA ^a I^.Jaj PETI djl jiJ jl 4 ^,j^)l ^j^aj 

5000 — 2000 (Jla-all 42 L^^ Ijljj! dJ^AjiJjVI 

- 4 ‘4 S 3 ‘3 j 4 , 4 '-BTDA djLijUj s.ac .15 ^^Ic- PI CiIjjIaJjj 3 JLa. ^ 

^ 1 ( JAAj' cJA^" 1)"4 (^kij ^pll dllj ‘ ( 4 , 4 -BPDA) J/nqn 

^ja <.q,\dA.ll dji jV I ^Ldajj ^j£aj . 38 PEP A j (JjJaal (PENA) 

if > 

5-ljl J ■ >d Ijl^alid AadaUI dll jAoaS_jJI (_JA iij (jjdiiJ a jl ^pi dL^ji Ajc. PENA 

•PEPA J aMjA\ tills <> ^Ull JidSlI 
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.2.9.2.15 


Aj\ (J.)* ajjjB AjjoiLiaII ball Clil j C!j 1 ^ nl^ll ^j-o ^4^jl ^jjjjoijj 

^Iia! - 4)-4) (j j aj- / 2 6 2j 4,4'-BPDA S-ic-la t0jj|^>3l c_i£jojj ;0jjI^) 1I Jliiijlj 

OQ 

igj ^- jj 4,4 -BPDA (j-o ^lj Jj-o J-axluij . CAj (j9j^w( JA? 3 ! cr^-A^ 3 

. U jJ <■ " A ^ ; CjUS <j1j 

CiUl^j . CA— BAPP— BPDA— BAPP— CA <ni? g_jS^ jjSlj tl^SAj 

j\ ^ . .Vil o gJIj PI l " 'A *i~4 j -CA jla£j allai-G jVI 

2-U^I . 2000 cP t> Jal ^ 200° C ^ Sjl^l .150-175°C 

al^iQ JJ ■ ■ 330- 350° C ^C. sLki-JI CjLjI^II Cjlj 

^j-q ^rjui n 


£l>ii .3.9.2.15 

dilj£^o jX-o 1 ^Ik-lLaj \;j \;g '' j^j Cjli PI £J^U) Jj (j^-GJ 


40 


A'jUr. ClAjLlialJ jj| J Jj 


(jjajI JL») (j-jj cjLij^ .10.2.15 

. Ic. j) J t ti Ujlj^ S ^ l^ U I PI C')\ Vnl j jj£! (.IlojJ l)^) L>*^ J (jj 

JLo CjluSjJ ^)g_u‘2‘.l . C_flj^}X-G Cljl *S Vll fi,A& (j-G IjLjujI J 

.<_£ lilSU’ill a^jllAxJI Ig'LajlLaj J-olx-c 

^ lg.-u‘2ljgl^-1 fii& (_£ .iL-saill djLli£^)J _Jg*nrt*I 4-i^.lj (j- 0 J 

<Loll_*JA& (Jsl djlc-ljj-a ^j-0 (JLo A \j.s? (j-G 0 jlj-ljaiV 1 


. 5_j AilxlxJI c*11j j AjJ^aJI iraq'Wi 

J ^>4C. '\. 1<Q jj lM CJ -0 jL-ajll Cljl^ixul $.1^1 ^3 ^jqVi ^j£-oJ 

L_fljl£j ^j-0 JUI CjIj£^)-0 . JxojIj 0UJ ^-0 .^-Ojj JU c2jIj£^)-0 

^ * «» 

C_fljl£j .(jjLoU A Vi/a djU£^)-o <±ujllo]l CjIjjIjj 0-o AAujIIaII 

. Aj^jIj AjLLj^-o JLo C1 jIj£^)-o c^ljjlLo]' -lj^)A.}g'‘i' ^j-o ^j2ajli 0-o d ^ 
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Jj uul) ClIjiAlijj . 11 . 2.15 

^3 ( (jjALo;) CIjI^jjajI^jj PI CjI^jaj] ( jA AjjC-^)a]I ^.A,?ik (j^AJ 

A.jJq 4^ tA CjljjI*AA CjUJjIjII £>iA ci.Uj.AJ .^(^jjiLal ijAjj JJjj) ^ A-IU^. ^ Ia£ 6 .1^.1 J 

^luj ^LkJa^i (j^AJ ciUH .A-iic-lijll ^)A^]I (Ja <jJai^JA CjIjjJjoiaj cAj^jja S^jLila ^l^jl (jA 

Cjl^C-LiUI J dilc-Uillj Clllc.|^)A]| ^JA 4_i!L^. (> ^jajLall (j£jaJ (jj^J U**lt > Yll^ll i>i& (JA 

j > 

^ y a^) 2^4j (4-15) (JJJJ .C-J^lxll <41)^ 

. 1 oil ^-3 (jjaLJI 

jjSjSj 4,4n,a a jllila ^4 _jjl a-q ((jjiLu AlojI jjj))^ jj CjI _jj J.'3'~'^"' 

.(jjjAia. a j'. • ■ -> AlijlSJj "Lojlia i."'l nl^j'l i4'“'/' . 500 ppm (j-o 


4 . 


£jjA1u< j^j <j!j cji :(4-15) 


\;j 'VI CjLjljj 

jjiLo (jjlu ^Uu- 4 ‘ 3 ) CJ^ _, 4‘4 

jjiLo Jma (jjU ^Iju- 3‘2) o^ _, 4‘4 ^Lu 

dilJljj 

jjjiLjj Jjjja ^jljij jiwl ^Uj 
'j -( Jjjja 3^ ^jxal ) ^UJ 


. 3.15 

Cljljj j^)j£jV 1 cJ^i ^3 AJ^jlc. SjIa jl cAj^I j SjIa Ajix-aJ LsljujIj V Ias.IL. J PI (Jaxjjaj 

tAjllxJI AjajILoj cAjILxJI A^jjI^jaII AjajILq <Jja ca-li^JI A-x-al^^. ^Jj 

PEI jA S^l*Y a\ 1 Ajjlj^jj^ll (jJhxJ (5-15) (JJJJ .CIjIjjJaU AjajULqj 

A J jjjLaij ^jj^jI ^Uj (jA Ultem® ^iUjl ^^ic. .Ijjl^p. (J^Uja 

u-° c . i>j . 217°C ^.U.jJ! AJlijjl (jj .MPD j 

(5-15) CllLiiaxAlli ciUil < o Ac- IjjaII (J^al Clilj A.a,b^.A,'l PI CjL^JjIj ^1 jj I 

• PI CIjI^jaj ] jj Ja1£] aJjaa c“ Utnl 
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48 Ultem® 1000 u-lji :(5-15) Jjj*J 


^jjjLiXill 

S a^. 1 jl! 

‘Uuall 

Aj-al^JI 

ASTM D792 

g cm 3 

1.27 

5il5Sll 

ASTMD1238 

g/ 10 min 

9.0 

a (MFR) o L_lllx*ijl (Jax>j 

ASTM D570 

% 

0.25 

Ac.Luj 24 tc-Ldl -ol . 

ASTM D570 

% 

1.3 

(23 C) (j^aL-all^l 

ASTM D638 

MPa 

3590 

JUaill X-gLx-o 

ASTM D638 

MPa 

110 

C- A'ic. ,l2i\l 4 -qjIAo 

ASTM D638 

% 

7 

Ale. t \ 1 ^ ^ t 

ASTM D638 

% 

60 

^ '<c~- <4 \i i-»“' . "i 

ASTM D790 

MPa 

3520 


ASTM D790 

MPa 

165 

c» Ale. ^Lb^vi A^^ULo 

ASTM El 32 


0.36 


ASTM D 1044 

mg 

10.0 

c (Taber) Cx^ A*j UL 

ASTM D256 

J m 1 

53.4 

(23 C) ^A*-a 

ASTM D256 

T -i 

J m 

1330 

(23 °C) JJC. Jjjjl 

ASTM D256 

J m 1 

1300 

a jlldl ^aAx-a 

ASTM D3029 

J 

36.6 

(23 °C) (Gardner) 

ASTM D785 

J 

109 

(M (Rockwell) jj s jL*a 

ASTM D648 

°C 

210 

e Lj ^JU-dl .DTUL 66psi 

ASTM D648 

°C 

201 

e Lj ^ tDTUL 264psi 

ASTM D 1525 

°c 

219 

(Vicat) cj!£^ jjX Xkii 

ASTM Cl 17 

W m -l K -1 

0.22 

Aj^jl^dl 4, 

ASTM D257 

Qcm 

l.OxlO 17 

AIa^-^JI Ajt-lLa-dl 

(6.40 mm ) e 

(3.20 mm ) d 

(1000 Cycles) 0 

(100 mm Span)* 3 (337°C/6.6kg) a 


A]^)lc. jI j-q lg Akj^i) PEI ciil^LaX^j (^Xixjjoij Lg 

. 6 4-q jULg Ujj«M Xc- 

c^Viaj ^411 jjjJ) i_s ^ £-° £ j-gJLj L)^ (j^UtiVi cl£-<^ £-gj 

tXJ jill AjjLli j c AaSLi^ A!Lq jILg A^-^. 2>° ^Jjoi JjILgJIj A^Sj cAjJai^i-o Aa-Uaj aIi^Lojuj 

A \ un*i A-i^Lajoi Cljlj PEI (j-Q p-d^jl (S ctiilj ^j-g V -1j AIIajILoj 
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t ■* J> 42 * 

PI jl ja ^jj3jJJ Aj^)Isa eft*" J • 1a (Jj)C. Jj^jj (JaLx-gj 

<jjaUJ^)]| <ILaLa]I ^J! A_iijL^. J/n a wi*\j . ^ AjaLaa 

PI <> ^\ J sic. cilUj . 45 jklll PI CjI j\ . 44 Xj~aA\ 

. 4 ^’ 4 ^ ' g \;; Uu3 ^1 jlLoVI 

* 

C1j\ Vua'1 £jl\j^sl) (Jg x*n <a^a l_i 1 UlSI ^Llall ^jj 

cIiI^jaJjj PI (j-o <xjLa 31 <Ltall (6-15) 

.AJjoUJ^) 3 I <LaLa 11 ^ 4 .JJA ^ja£ (JL^jlj PI L - J ^ J} A-lDLaJI fijLj 


u> £\jl & u iLisn J\ ^iju^u Aim pi :(6-i5) 


^^.I^aII 



49 

Torlon®4000T 

Matrimid®5218 

50 

Jjj4!^!_>4 

Matrimid® 

51 

(uj^ J4j) 

Matrimid®5218 

52 

(ui^ J“] J“j) Jj*? 

(ODA+4,4’-ODPA) YS-30 

53 

PEI 

(Ciba) XU-218 


cjliLb) .4.15 


CjL^jJ ^-lijjl j 6 C1 jL^,jJ ^-lijjLj PEI CjL^JjI j c^jju 

j| ja jl <JjLq ^La jl Cllls-^yUa^ I^JLaxJjoiI (J* *s j Lo I4 Aj 

I^)aI 4jl3j^)a]I CliL^._jJ AajILg *■** UI^a. I^)aI c<«£1E 4jLa Ia jl 6 <j£^ja 

caJ^jAall A^. ^lij^jlj ^U .311 ^Jj c£lj . IjjC-^ja 

C * U>J jj 0 .Ua]1 ^J! ^ PEI Clll^JAj]^ (JjjuAJ ^jKaJ ^JA 4ili 


ciStiA .PEI ^c-ijl J cly*^ AjIIc' 6 jl^>^. -lie. ^f 0 J J (j&B J ^4 j£JI 

IaA CljIaAilali ^3 L*-a^A-£a^.j ;PEI (JIajcLaI ^ja ^jlliLal^. 


CiljjJ ^jaLaI ^}aI 0 ^lijjl J\ . S^)lg-wail (3s4j J L_lllall ^)J^)^J 

^J^aA^k (J^A ;L_i]l^]l (JaI^C- ^JjJaj . 0 ..V^y.A ^.l^^.l cAju^joj 

w * * 

. ^3 JjII (_>^ ^ jl A! Lk-iaV I o 4 a ^jjai^j . 
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^Ijlj PEI (J* •> \ L_fll_i]l (JLaXJjojI (_£ J^. Jli] 

(.AjlSija ® j'j ^ CliL^jJ JUC. lila. E.1 jlj I jl jSlujI d \\ j^SI a^A jLo jgJaJ .LjjU^^S <SaU 

lg..lx 2 fcj La 11a j 1 ^ x tij ^IjuaiV^ (JLqajjujIj Lxj_jjoj 1 n's k >n lg..n;s.*A.,i -lie. Lx-a 


55 J- 


La^_a I^jaI £J^)joJI ^■Ia'S.MI L^jS CjULmJIj 0 JuLq 


cjliiJaj .5.15 


jit .1.5.15 


. 56 pj (J.AxH».tij 

jl^A (JA ^jJL*_a]| j! (jjl_X_A]l ^ Ij (J^Lx-aII • 

SjLj ^JjIjIa AjjLajI SpLu^. Cljli 6 AjjLa21 CjIj jC-j • 

‘UjA 3 

. AjJj^ll jl djlfl-)-lla-lL' <jJai^JA A_!_jlc. jIjaj • 

: ^ 7 ( ^jajI) ji ^ja CjIjjc.^)]I ^LijV lB^A 3 ciSLiA dijl£ Jj^aVI ^ 

d\j\j t J_3^ (J-^A^J ^JJjujj (JA (J^£a I^J±A 0J^A (j'S t U J . 1 

6^)1^)^. S_jLJa jl JA ^JA <1 a1I 9 (_$ J.‘l*S.A £A C^JJaI U^J 

^C-L^J cj |I jS_^A S^aL £A (JaIJaIIj 6 ^C-^)ll (jj£j lA-lk^ 

• 5 ^pi ojC’j (jj$Lii ^21 j > >i^ 

jrfaAA.1 ^jJjojV I L ^ja (JjWa (JjJaV 1 djLijljj ^ja 0J^a C_ilLjaJ . 2 

xnj . Jj£j (JjLuj cJc.li!lll (JJJ^IJ cdIlLjal£jJ^)£ ^^C-Ijj 

^JCiUall L_1 ^^)a 1I ^j.^Ja..i .PI 0jjl^)l ^»jUn L_i£^)a (JjLoJI I1a 

t ujj ^ jjIaII A-^-iL-a ^j)J^a\ 1 c^ C ' (3 j.\.ua 

. 59,57 315°C 

Jju A_iij Jj PI ^-x-illa Ajj^£a]I ^IjaVI (JLaxjjoiI (j^-<^ «3 

a_Aa*J dllj 


550 



CjLijUj J CjlijUj J2 L^-g PI CjIjjC. j ^_paxJ JxistlLoiJ 

(jjjll (J>*4 Vlq ^ l-u^g ^ -laj-lig-jVI CjUIjj i** A q"u : >i^ jl 

S-LgII J^jla ^ C * ellljjC'^)]l JJjfiJ lg.*4 J^LuJ^ j\ A \9 j| J-21 (JjIIa-G A^Jlx-G ^JAxJ 

^\ j-g! J^-U-laJ CIjI _j j^jjjoJI &AA (_>aju i 1 i\]Vn .AjJ^^JI o.\\a\)J I A.iLgC. $.IjjI j 

$ *1 * *’V Aj^J^Lg 

(j-o ^jujI j JU^j CIiIjjC.^) _jjj kJa^j CAjUuj ij jj) (JjStvxi A_iC.^£b ^j^-gj 
A-gjILgj t AjS.p 1 Stall ^j-g AjjC.^al! AjjSjjII £-g tlg.Va AiljSlI AjJa iS^-G Lx^a jx-^iAj 

^US ^ic. oi& JL^.! j!i^J J.)jJaSkJ . L-i^ill 

ClAllaAaj (J-gI^C- (Jj-g cdjljj)^^^ ^j-G tiilj Cljljljjaj j^jVI A-iC-^i] Clll^i^-G j 

Lg^C. .DMF ^A (Jx^qall L_1 J.Lg]I . Cljljljjai j_jjV 1 ^lc- ^)^V1 (Jj)l^ <oll {£ J)*l^jJ « *■ . M 
U^ C5^ ^jj^-jouj PI Sjc.^j ^jjS2j <JjSj 1*^j t 

. A.JtJ-aLxxi &\ yixs* CjIj JC.J ^Ac. cJ*^^ ^ J • Aj^jS-G ^rl^-al 

M j*fl .1.1.5.15 


(j-G aj-gLoj-g]! A_iilc. aS_ujo ^j-g AiL-a jl j-g ^a (Aerogels) aSjI ^Jl cIjIj-g^I^J! 

^ASl ^jl a_p!^a cIjLlg^Ia ^9 c1jL-gI-uxa11 ^jS-gj .ajjAj -o j ajj^>S-g eijLailjB cJj cIiLgLolg 

Lgj-gc. iSj^. • 0.05 gem 3 L5 AIj^. I^AsIjS ^jjSj Lg^c. ^>^11 ^j-g aIgII ^ 90 (j* 
ASIjV c ^Ia - (J jla^x Sjj^lui <_£l l ‘q)4>.‘i AV^j C1 jIj-g!) 1^]| ^jJaaTi 

(j-OJ 4 CJJAaU C^I.Wj ^jl l^i9 V Aij^)laj ajj^)Jjalll ^j-G 

. ^akj ^1 ^iWj V 

• (J^l j-° jA ^!>Ia jxJq^j 

. l_jjAa] 1 5J jLJl s jL<JI . 1 

.^ailgJI (sol) (jlx-GlI Jj la^ ftll ^jjSj .2 

. CliLolxtixill jU$jU <illi in*nj J UjA c . U 1 ^" Ajljl .3 

ji , j 

(J ^ AjAXill ^gJl& PI ^Liia^alj PI CjLL<i!iLA J-ili 

^-o yj\l l_uAa1I (jj^J V LoAic. j .v—uA-allj (_3j2 AujA jl ^Ljj 

^1 jiaVI L . 'J A ^ (_£U 4jc- 4,.>ala.'u*iVI (j^aJ (Jj3 jl 
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■ Vu-g^ jl Jljj (Jldiuil J.Y ^Ldjl al^p.) (J-aJj -^^Jl <3j* -do£ j' Jl2i 

.S^JU jl £ jaJ (Jj2 

Sjlj^ dJjJ £_a (_£_jl^>aJl Jj)Jt_i] jl^aS (JLaxdOU 4^uilio 4jjl_JI PI dLLo5l& (jl 

(jx UYUajl (j^aJj . 500° C j <EjIA]I ojl^aJI dJjJ (jiJ jljjj d.li. 

4jjI _JI PI dLixYl A Jld .Vic. -OjIjJ dlxoYlA c I ’< 1-. , d AjjI _JI PI lIjLloYLa 


60 i 


U 


'Jj* 


Alualiil Aj^frYI 4JI& .2.5.15 

■» * 

jj^z] J. d ja. . _ ').a; iil]j j tdl jliJI (J‘ 4 jjoiC.Y did. A jx PI dl j;L<u] jj jm' I 

<JjLlojSJI 4 V' 'll JjAso] dY jLa-a od. d^ya. -Aa]j .djLjjslI l.g.j-r^al J.j jlii] ' g '.d 
2)1 d j dl j .4jjli2j| 4dUj dlij diliiil AJlc. 4_dc.l .llj^i alij i_ aJl^J PI dl jJxJJ 

. dljliJI _J ■ -^ a dlajaj ' V ^ £.10 (_£.d PI O' 0 J'j 5 

jl 1 , a jX' l . in. «.I^YI J I jj&Si j LiOJi Lajlij PI clil Jlxj cj' o^u 
\; j -Ijg 'll Jljj od-li Jc. PI £-0 (jOill (J^a. 4jjalLull A_ulljJ iSj^ -^J 

(jj\;\;°i -4‘1- JAlo ls 4cIjj-6‘5‘3‘2 j tiLlllia Jhii jjAiljjjjj jjJ jjjla ^^uildu-^^ 
dilij jIjJj Ja .^'oiaU dljlc. I 0 2 j N, j CO, JlddL JUj 
• ojl j^JI dj.} ^-lijjl £-o CO, dilij Jaiid 40jl^>aJI “dj.2 ^lijjl £-o O, J N, 
LS (jia A jJUJI AliljLijVI (jl 4.3)3^ ^Jj £-^.^)J 

£-o jj£l jl tJaiuJall Ajiliill jj*Ti . CIjI^iaj] jA\ 

jj^'n .(Fugacity) bx.xs^ j}C. J-axjJ^a Axj (J-ola-o 

. jjjJdll J-axjJ-a ^aollj J 9 1 ^*11 4 ^ iall Jl ^jLd^5 dua 

JjLuij£ Ca jULq^j (jjOSlI bA - ^ dli Q ‘ ^ 4_dc.l PI w'iV J aj 

: JaJ Jl Ja S^XJ ^ ill .dll i4; w : Vill jik'i (j^«4 .id 

(_3J b jdallj djia (dldd jj j3^ djjd JjO-ojS ^ . d dYLc-lij • 

t(jjjj3 jjJI Jc- 4 ij'd ^11 PI dlj;^^^ J ^.■v.j.i.iVnll 

C jl ja. 4aaJlx-o 1 g jlj i4jjJxJ_jJ 0jl Jya (JLadulj 4 1 4 1 da dldd (jjjj • 

ojl^i. dLa.jJ 
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LJUu 44&UA .1.2.5.15 


(JaI jC. ^jIj jJ ^IiaI ^gjljj oJlC-Ls ^ic. L-lXjajll Aj^J^ xull dAjJ^^Jl 

Sjl^)^. 2UC. A In k'l) \ ^Aj tS jj!4a11 PI CjI jjaj! jj ^1 ^JL-aJ tAljuVn 

. 63. 62 4_3 ^ 

^lijj (Jj-qVI Lf^ u.)b\.^-3 c l- J£fo-6‘4‘2 QA aj1ia.11 PI ^IjjI Jjj 

^JL^ajll cdnJall aJj\5 CjI jjaj] jj ^^A (iLLjaiSjjjS -Ij-li^ll 

(JjSIV! iajjjj (jl ^U-inVl ^ja Aj] .lgj3 ^AaII ^j^ii3j^All ^ n>*n ULajS jJ j3 

^jLiAjSjjjill ^ ill nVill dLfujjll <jl ^1 ^_pal jjc-VI jAl (j^ j . ^ Ajjlurll A-mSU AjIHaII 

. ^ (J^Aa (Jajj _jlAJl (Jj-a3 AjjaAl ^..u^nl AjIaC- Aib^la (Jjaj V 


gj|>» .2.2.5.15 

ciljUJl Jj-£a3 AjjaAI I^JIa*jjuj1 lie- Aj^.U.^11 aj^jajjjA! jI ^a!1 Ia IJlc. 

^-A j 1 ^jlUalill c*lj nuMl jl AjjI ^>^11 A^IUaIIj 1 ^A ^lc* L_liilll ^jSaj . ^alj^a.baj/ 1 1 > in*n 
^3 ^C-LoJ (_£^)A.I A^j^ia .Ajjlaill Igjli 4 g- Lilli AjjtAijl ^3 ^jjjJ V AAJ^lall aU (jl 

(JIajcIaIj <lilj dilA] US ;Aj^)Jaj1 ^jI jA (JUxAojI ^3 ^A I^sAuia (jj-Aill (Jxa. 

> * 

5 .I jl a j£lm a SjUI ^.u^a’i .P84 liIjiuLall aixjYI Matrimid®52 1 8 v^J " 0 

.lua^ jl ^Uj ,jx jlj jx a- 1 jl 4V4 a'V'VI AixuSjl ^Ujj jJjll 

dll jlx j’l jx ^Cjl jx jx 4j^£x Ai-^jix dljll dll j djaiC.1 dl . jldxll J 

. 61 djl_j _jJj£ ,JJ. *ij ^ 11 aid ddslo 4xjUx dl j PI 

3hVft«ll 4-iJabJI dlj Uyalill .3.2.5.15 

dl jjx ll yl \a 4jalida]l 4, uxlaJl djoiC-1 ^adj 4<j^l*Jl _1 . -^q 11 <dd 1 ^y&ju 

jl iAjjjjdl 4xjjjj£]l Ji.UJlj tdJjjJ^ll Jjx AajjJ^c. V dlxu.ia. L^j3 [ * j s a A_^ j^lc- 

^ja ^j-Ul ^1-^1 (jUkj Aj^) : )aj1^A1 A-UaUJl Cj13 (Jj-asll AjjoAI ^jl .Aaxj .Aj^jlj CjLaJjoi^. 
4dic.5u ( _ s djlSjx]l al^Vl jjdll lilli ^1 <al_dj .4jAlliill djJxJ^l djxC-VI 

. AjuJa Aj^jjajI^j Cjli^l-aA ^3 l.g. UAjJa u Aj^jJaC-^Ul 
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iAjjjJaC- V A-IaliVo A.'u-paba. djli AjjaiC-l ^)JjJaV ^£1 

.Matrimid ® j Ultem® j (PVAc) ( JaA^' ^ aj j i*A jj cl uA^j 

c * * 

A jVi\i Aj^jxA^MI Ajjuic^Vl A.qq V Lo ^.kx.xs? (jj's I ( ^ij Vi j_jVl A-ijlsjjl (Jj-aj j 
J ^xj .AjallVxill A.‘i.wWl C 1 j! j AjjaiC-Vt ^9 PVAc (j-o (JjJaSl PI . Aj.*ljVq i\l 

^jUjlui j!±a^\ VjIj^^q (JLaxjjojI .Ajujij Aj^jA^^II AlijlilijVl l^A 

a^yij)\ ^Jajoi Ajlc-liij . qjISj J-d jx£> 

68 t f 

. 1 .'i-a/j/l S^aj ^a (Jtlijj j! 


AajjjjiJI AaJuci .4.2.5.15 

-lie. Kapton® (jjljlS (JIVilL Jj^aa ^iiic-i j uVaf i (j^aj 

% # 

.CjjjVI (j-o c±V j! c-^vll JAM! i** vwj .A^iiVo CjL^.jj 

.djLoLaiAll ^lc.1 £^^31 c'.i V j 1273K -^c- O^jJa^-xJI AjjalC-l 

^ AiUa ^lc.1 1073 K Aic- fi^jJa^-xJI Aij-aliSI AjJaC-VI (JjI£-<3Lj 

. AjjoiC-V (Jj-aall dj^LoLx-Q j tAj^liJI AjjLiill (7-15) 

(J AMI A^j^)la Jc. a l^-ilc- (Jjj-aVI Alijl£ijVI AaIxj 

.6_jj_jjjaJI &2 a a^.^j ^Ac- J cl) -0 c3^ d±V jl ^ Lot t aJ-qxILouJI 

tJjlUljj C.i V JAM! .VlC- Jjli£j AjjliijVI (jj£j ‘Loj^c- 

j> 

6^)jJa^-<J! cillj ^j-o (>>5 Jc.| AjAIAj Cllj^VI (j-® ( 3^^ <.*‘lV S^)jJa^-xJI AjJaC-VI 

A_^.^p Aic- 

A_luic-S aJIa ^ lj^UIjla j A^j^dl AjJlili! : (7-15) 

^ 1173 K .lie e!Hi1 iliaj l^jie iSj^i 


(J-qLx-q 


mol nf 2 s' 1 Pa -1 

jUll 

558.27 

He/N, 

7.26 

He 

60.87 

co 2 /n 2 

0.79 

C0 2 

19.69 

o 2 /n 2 

0.26 

0 2 

138.53 

co 2 /ch 4 

0.13 

n 2 



0.006 

ch 4 
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oMb jaaJI liljUll fU fe) .5.2.5.15 


70 s 

> pbJI ■bjiaJI dll jl*]! j _$ jid . 4 jjj-v II dll jliJI AjjoiC'l L$ ^ 

Jj 5iLjal C0 2 (j-« aIaII 45 — 30 A^jouj ^ CH 4 (j-o <1 a 11 ^ 65 — 55 ^Ij^. 

90 cjj^ L* J] CH 4 (j-o l $ j ^a^ - l l ^Uc.j PI 4 — bdc-l JLdxjjajLj . H 2 S j H 9 0 

. <1a!I 


iliU) 4jua&\ .6.2.5.15 

^y±\ ^)-)la,a‘i\l (JLo ^j-yiai dll j JUatlaiU j^Ja jJ I 0 jl^-<JI (Jj-a3 (jj 

J l^IliaLaiJ ^ IU>I1 1 J Aij^la <_£jldJI ilaill 4lid£j (JJJLalhj ■ S 

^kjj iAijljuj S^jJaLiLo V A-doC-l (_jj\ jll jli^ll 4..na*-i (J-ajtdd .AiUall 

(JjlLoil ^-\jk.l (JjLalll £-0 (JjjLgJ ^Ic. b_fl..n^.\i ^JajaiSI 

. (J-qL^. ^jlc. aJ^joiI jj j\ 

t'J* (_g jldlt jliill disj «.!jl (jc. J AjjLijjfill jj^al jdl jc. <li^d dul jJ ^)3 jjj J 

dXoUl ^g.«-ul J AjjalC-VI ^4 ^jl ^3 *^^PI AjjalC-l ^j-Q fidlada 

bllLj] *^J 6 ^) 1 ^)^. ^-q ^cjI ^<JI J) lK^'I 

4i£}lc. A^.jJ V 6 (_)jULg]Ij .(d -la-dll ^j-Q JloLnll) (Jjai^LuJI ^JlA 4iLuLA]l J (Jj3.dll (jdJ JaLii^jl 

^j^JI (j^dll ^jia 4_^-dalj 

jliill AiL^)laJ (Jj^k5i>\g.La 0jl^-a ^j-o s-Lall 4_JI^V PI (JLojtJjajI (_£ 2ii] 

^ P84-CO-PI <c.^)L<ill cdLilVI JLojtlLail *^j • ^ 

(j* ^jLkJI jliiSlj 5JI jl ciul 6^^1 x1a]| P84-CO-PI AjjalC-l ^-Q 

* 

A.i.i.la .11 Alc-LjaAll <C-^)L«ill (j -Q AjjaiC-l (J-GJtJjaij Lq A^Ljaj . (J^jIj j^)J j^jV I 

7^ 

. jj_jl 3 (j^i ?.Lall <11 jl P84-co-PI u^IjUAaII jj^s2j2I l j* 

JjUII .7.2.5.15 

JjLjil <jJic.| Ig.’Ux^il (JLojtjjai^U LnlL^sj a £>. AjolLqj A-iiLuiA PI 2ii] 

AiL-iaj a^lllxixi A^iLauill PI CIiI^iaj] . dAj^jjl^J! 

Ij^L^. ^3 Jl Clu]^)^£ AjjalC -1 AjjalC-V! (Jl_A*Jjall . bb ^j-QJ 
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aJ^a^a]! ^j^Ij^aII jl CjljLxuli 4 jjjjLia]| J^jjlluill Clilj jl AVn-%. JJ \.'£ " JjSjll 

. 76 4jjIj J4<A\ Ail LU 

jiuil -4) 4 4 4 j-£W2w (Jj^i dllil^Vl ^ ' ~' l-' ■ IAjlj 

(jjj Jj1)3 j — li^l -4) j > j -a^ j til — jj^aLoo ^Uj-' 3‘3- (jj — 1}2 jjij ( cs^^y 3 

( ji=ua^J A ‘lili.itt ' jj\^j JV (j-o ttiLjjfllui ^Ijj -33 ‘ 3 - (jj'Aj j' 1 .' 

a Clilj i L.'j'AjV''' -4 (j J 3 (_5 J^J *A_ijl!lJl Ali. ja4l ^ij . ‘-"'jj ' t 41 


77 


A2LAUI 


(jj£jj ^Uj A."i^^ii (DBA) j\;-al ^jjLij-SO w '^*^ JLaxluil .Vie. J 

aAjU ai& (Jjjo£ ( jj * jaj CjI i PI dal jjaJ jj 

djV A_LalLal (JJa <Jc- " b -3^ S-ljAxil g-l^l AaJJU »A^-Ji A.,l3*a^ dlV^p A_Iajall^J 

^^3 6 6JLa 1] A_A<al^)JA A-ljj Clll^)j £J^)I (j-Q 3 *^^ (JjaLyLal ^JA 0JJJ . A-Su.x1u.1a11 

# > 

Ajjlij £a c^Jc-l A-iL-a^A j s-LaII L^al x^i'ia! (J Jal CIjI^C-Lia U^- 

.A^JjolIa ^)JC. j! ^a £a Aj JsaIIj tiilj J (J 

. AaaLoia (PTFE) ((j-jlilj] j^j^l3 aJojujI^J AjjaiC-V^ AJ^3J 

^JA (Jjlt’fc.A ^3 (J^xHaII PI ^JjAjl J±1 ^aLoJa]! PTFE L_lJ_Jjalj A^.J <Jc« 

. 79 PI ja^I jJ Jknll «.ljj J jS^VI PTFE ajJj .aiu£ ,jiUI JAi* ^SlS 

dlli AaiaC-Vli . AxV I Jj jJall jj; Jadll lajjia jljaLAM jLij jAaJI Ls ^i.JJ c_lsj 

go ^ *.. 55 *. * . .. ^ 

^jjjai^J ^.j^aj • .3^3^11 -laj_jjui ^3 LlxJa^jA S^j^Hma c‘* u*n\ 

^jl V 1 • Aulllis £j\ JA ^JA V A-illiljij CjI ^)JA^j JA (JLaXJjojIj LoJ JaIa 1 n t u^fc") I 

IjiSfl oAA 

jaj J 4 w.il Jj . .VV .ale. 4_a. 4 ml ..a PI iiil ^jj 

Akiu Si-£l a^j^pjoi (Ja ^jUII (J.UkjJI *U 

81 I . 

J 5 # > 

LijUajS o^)^)jJaJA,I' <L«aLall AjjaC-^U g. I ^)A.r^ll (.** iV) Aju!^\j A_jojI_jj3I 

^Jjj .AJjoUJ^)]! (JjA^LoJI C n^k ..liAjVI JuSl Jj t LuJ JJ>ASfc.A 

Aj.^y *«Oa\ 1 g-Lolxil ^JajjJ ^jl cAjjaUjJI (Jjaa^yLalll li.\5U‘) L_jjL^. 
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Lr I LlliJ i . »' 7- Jj ^ OJJJJjJ 


82-: 


4^. lIiUoiUS 4.3^j.J jj ^U^ll 


ddll 4JIH .3.5.15 

ji 

dl jjg y\W aAA (J-^*jjojj .Aj^-g PI AjjoiC- 1 ^Ic. A-la-dc Ajjail^j tiilLabo ^-bJajj ^j£-gj 

.aIjjjj^WI dlfl-iJaail ^ 

(II)^a (j- 0 <_^jLg tAj.^jWa AjUj ^ _ \\*\a AjtjUa (JLax!LojIj 

Jj^jAiA 4_La-uj| (II)^ ^U.jj ^aJ .PI ^cJlx-G ^LaiC- £_Lajoj ^Ic. 
^Ldll (_5-^ a aJLxuiI^ (jAdll AiLla £JjJajJ ^ I ^1^,1^ . (N3 B H^) 

Aj^Is a Adi (^j-G Lg| (II)^ajjAd]l (Jjiijj A_l»_a. l ’o^ \ PI ^liui A_aJl*_A ^ ^j\j^)^!^UI 

dc. NaOH c__i£^)-g JLgjLIujIj aIsLuijj j! ^Adaj 60 £ag] 80 C dc. KMn0 4 ^d^Aj 

(_j£-gJj . (JjJaSl a^)dVi AdLxdl ^ J^ian .Ac-Lui ^)_£1 j1j\ olo Ai^)iJI A_^,^p 

. ^Ldll Ad xA‘i\i ^--G 100 pm J] J-dj IajI*jI c-Ld] 

Ax-Lllall A l~i t. til PI ^Ic- ^-44^-^ dldl lJA dldla £_dj ^ A^ld/a C_J^LoiIj 

" ^ 

(Jif<G JJLaAjJ ^ad. )->» »>i 4 (_£j^)£a]I ^LulL icUUI ^a ^LgjIIj 

l> ^AAl! (jJaliall ^,1^ ‘PI qa a jd^)3l ^Ac. f 'JjdjjJI AidjjAiA (Jj'^^g \ 

lALli-k^aj AiL^Ialljj .(Il)^jjdfld (Jjd^Gj l^ILulaVI ^Jtdj £.Lg 11 Ad»A 

* * * n 

.UjIjj^£ ^ U^"i ( Na B H 4 a Addld ^ dUjJ ^dji] l £^>^4 *^ 4 ^ 
dfl.HgJ Ajj^diil ^5 ^)Lo1a]I ^j-G (^Laljl Z> PI ^j-G Aj^)-Q ^)^ jabQ ^J"^ 3 iS 

oc 

(JLGJtlLaj! • A CljlAllIaJ (Jl-GJilLaaV^ 

J ji2k.il jl u^ny \1 JaLaoll ^jC- A-^lill Cliljj-G^]l (Jj'N m'll A_LIa1I Ajj^)^a1I ^^jLoia]I 

PI ^j-g AjjLiLg dili-ila ^j-G PI ^Luijl .^Lg^II (j-G A. :> ix.jJa A jjIj^^]I 

.AjIc-UjII CjIjjjVLj AJajail jj dal j oAA U?^- ! • J 

A-lAdaliAll Ag Aj^jlj d 1 ^JxU^ ^j-G Aj^jlil! A^£^g 1! J-all (Jl-GJtJjujl (j ^-^4 

J AJ^jILg . Aj^jJaxJI 6^)d^U Al n jd a dLai^-G _jjILg]| PI ^j-g A_iJdl ^ 

d' J4 J 5 a! 1 dxo A-j^j^aj A-iSlijoi ^)^1 Lg]I PI (_£-d PI 
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uiLlljal! Oj jjj ( _ r oilAia 1 -'44 Vj \.'g '' t>° Sjjliall PI 

-l-( JjliSjjj-ol -4) 4,4 -BPDA jt ‘(jj-oVl ^14- ^4^-p- JA lo j^c-Ujj 

a j, JliLuiS 4_flLjaj tA_boiC-Vl AIlgLoia jlmVl .(jUjI jjjla ( _ s ij^-2‘2‘2- J4 j3 

j> 

(J^aj ^aJ .A^x-a (Jj3 PI (Jj,1t\.a Jj (ADC) jjl L&-° C-W-C' (j- 0 

l^iiij A-iJt^Vl £a A_H^a1I SjLaII (Jc-lij (. . in*n .AjJ^)^. A^JIx-gj LijlEiijl ADC AJIjij 
^^3 Ju 4 j n>i Aj^jLllI CIjIaJjui^AI (PlclSITlOn) ^alj^a'A^l 6jjj £jJajA 

.L_JJ^]I ^.^fc.A.u,aIi\l <J^j3jl J <oll ^3 -lajr^-x^l Jajoi^ll ^)Lai£jl A_aj^) 3 ^Jaujjj 


AjjjaJjJ tlLUaUJI CjUuij^S .4.5.15 


0.3C-13 ^-4 Aouoj^qjI AAjLaa J C j 4jlj J' A ^3 aAoxHuiaII ^P4 Jf <U 

Ala JjljjaiYI ^ sjijiLa 41 jLj LS^" 4jA-a" ~jA.'"' '■*' Ajl ^~*.' (jj . lIjIjJaJ _ j2l 

(JjUoJI dilj 41 ojlcV AAjUII ^jjinill cjUjUaj ^4jj . dil jlui S-ic. 

37 .• * .. * 

. Aj^I^II L_jj| ^J1 j JIiI^ja^j cAJ ^a^-aII L-UjoiI^^II (Jj-q Lia£ l^llijl 

.A_nLoill Jalaill (JjLa]I J* Ajlaj ^Ic- AjaxuJ^aII ^ajjjjill dj\j_jl_]aj tAll^xn 

? AiUa]l Ailj£ ljJa,}4?k4 i. innj J3 Uaa Ia^Aa I«lui LgjaC- (JjLoJI Clul^£]l <. * ilLVn 
Aljlall ^ jAilll CjIj J j| ClAjjUaJ ^jA-x^aA (jLoVLj (jlatJJ C-jIjjojV uillj AiLjal 

# £ J> * 

UUJj 1 “ n«\ j (JjLoJI Jill j cAjjlaJI ^ jjnlll ClAjjUajj >m\I ojlc-V 

^jl (3^^ ..Lajt.jJa.il ^3 ^lijjl Jlo ^(JLAXJjajl o^-Lajj Jaj^jjai] Ig.jJa^xj JiC- 

c^Jlxil 1 >.'1 . " ^"' 4 j i < 'I (jjiijj 4 IjJ • 4 A j\ jl 4 Vi 4.1 ' S^j) j 4 '.j-^ ... 4^o UjU (jjSj 

-UjUJI rJ A ; UI U^iLi. ^ (J^m4uu2l (JjLoJI (jj£ 1 4 j>3n (jl ' ^ 

,JUl4iU ^uLUll 


_j 2I dul^^SlI 4jlj tilii JjL 4I ‘■"'j'jg**'" alii j ~j/4" diLijl 4. qc . JjJij 

^j^a^.i ^_^1 (j-o L ojaC A ^U^nll Aj^)J^j1^a 11 Cljllli]^)^^]! .L_lL-all 

(8-15) A jl Uajaij ^)j^jl^]l djLoLabQ ^3 ^IaIIj 

. A_i^ A j^xqjI^aII l ** ^1 1 


UJ^ 


(*) 
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ljj] ill jjaiJjj :(8-15) 


87 




((jiLtuVI 

(JAul! Jj 

(■^)^ 


.\* x.oa \1 j JaJ£a]I £_£c.LaC. J (Jj^aa.3 Lo^aC. Aj^)Jaj\ (Jaju 

.AjjUoJI 

AjjUaJI ^JA L_J^)JUjjj V Ia JAC- ^gjfc J S^)Ll]a SjIa Ig-llI J^£ L_lJjalJj 

IjLol jj£I Ij^)& (^JJaJjJ CIj d_ll 3 ^jAJ AjjUaJ (jli ^AjjlxJl JaxJI Jaj^jai 

(j*nq nil J] A_A^ <_£ jjaJ^JI Clul^£Jl ^gjJj .(JjLoj Clu]^£ Clili ^ jAJ AjjLLj ^Ja 

. (_]jLai]l i** n'^)fr£]l CIjI j ^ jJlAW ClAj^jUaJ (Ja*J Ia^aC- A_a^)UI i — fljlilil! Jaxx^a JaijJa j 

87 -* ..^ * 

. Aj^)Jaj1^j l.g (JIaxJjoi^U PI ^ja A_x-al_^. ^lilaj>-al .ill 

CiliLk jIjjJ ^a ^ j* ^ b> x ujl ^^jaJ^II yllAll ^ji j ^lj 

^gjj AasHaII ^jIj^)^]I <jl JijjLX-j . A.Sj£JI S.l ^.1 j ^3 oJ^^jaII .^jajVI 

ciu]^)g..^ll A-ijjjV! ^-iliAjAll A) 6 jj-^ c^IaI] aJjIjjaII CjI^jjIhII (jmVi 

Aj^^aII 'LqjiIVtaH (J£jolJ Ia^jC. Aaj ^jI A-iL-a^A ^glc-l ^_gAc« cJ iX ^^-^ . Aj^)Jaj\ jA\ A^jJaL^ll 
^3 (JL-a^jl (_£ 1 ^jl £3 jJJj .(JajUaI' A-aIj A-iSL-a A-LJal^. 6 L_ 1 jAa]!j ^IaII j PI ^ja 

.A-ijjjbM A-lL-sajAll ^aJ3 ^3 ^jJal.i'S. ‘ll ^g_lj ^)^Jall 

AajjjSSjyi CjlljJall] Lj|f Mlait J 4 -lu^VI .5.5.15 

(jA CIjLaLa ^3 djl^nlaj l^_l V AiliJall PI AjjaC-I 

Ajljjj AjjaC-1 j\ A-^jaII aJ^I jI^a j\ Ajj^I djVbx-ajVl aJjLoJI lIjIjjUI 

. ^ AjjojajaII CljljjUaJI 

tiKaj]l ^ 1 UM 1 (^ 5 -^ Jj C-IjjI iPI A_1 *aC.1 J^jj q\ ^^.jaII QA 

AjjaC'I ^ja (jfLojii i_s^j •A-ljjISII AjJ jaJI a^JUaJI ^ja ^Ja ^LiSI 
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A ja]I 4_nj]l jjl3 Clilji ;»L^Jjl L&-° • Al^al^ i** \\ jY<fi (JLaxJj.nl ^jl.uj AjsILjII 4_Jlc 

^..u^q ^3 AjIIjJI CjI jL'sII ^LjI (>> 5^ c ' (_£^^l 4A}^)Ia LajlLa ^j£I 

: 88 

« £ 

i # n.ix> ^3 (jiaxaa41 Jij j-lj^.jl ^jLj 4j£^)aj (j^-°VI AjjLj 4j£^a 1I o^-oLj ^3^ * 1 

tc^L-al (jiaA^. (J^l^-a ^lc 

;PI ^jjl^) ^lc (J^.wa.:v\I (jJai^j-a Lx-k^a Clir^'i t,4j .ol (j-^aA^k (J.j^"' 0 (j^-*-^ *2 

PI gjjl j Ja. .3 

. 4.4 )4Vi j (J j)\^ a\) (. * u^n .4 

djl^l^ll (Jja tAjj j^)J^IVI djLajjJailll ^3 <jAx!<ia1I PI AjjoicI (JLaxJjojI (j^AJ 

y vi .(jjUall (3jUiy -iajyi Aj.ijM ClA_ij£i]l (J.a»Jjuij .4jja]I 4c jaLaII 

fi^A A^Iajoj ^)j£l IjJnftaTi ^ YLn <jjjjj£]VI CjI jj£_^jll 4ilj£ jj£I c . nlan Jl A_^LaJ! 
( 20 nm 1 a_J^3 A^LajoJ PI g-LalxJl ^JajjJ ^lc AjjJlXA CjLaJjuA^. (j£a.a]I (JA . I 

A L \ \ •>. ^ * ^ * j_ ,Q A q \ L I ,i_i^AJ ^ a L l n ^ ^ ^ 

90,89 r 1 . 

. AJjojL^J 

.* J> 

djiy^ll AjLa^J AjjI liar II AiJall (JaxJjoJ . AjjI 1^6 CjU iL PI ClA y Til (J axJjoJ 

*Ljj] A_im]| (JaIjxJI (Jaj 6^1^111 CjLiIaC ^gjajLujI (J£joJj cAjL^jUI A^21x_a]| s-IjjI Ac JoaII 

(c^lL ^Jl AiL-iaj . js J ^‘ _^VI *^1^° £a PI Clll^)JAj]^J (JIaXJjojI (j£-aJ • ^ (JLaxIiuiV I 

y ib^V^VI Clll^^tA jl C^jAjoI^^I fi.iC.Uj C (. ^ ^ Ul djlliaJ-Q yLo CljliLjaVI (JIaXJjo)! (j^-^ 

.CjlcLij-all fi^A ^ 

<j^.AJ (LCD) AAjLoiII CjIjjUI CliLalLal] L L^-3^ ^.LaC PI (JaxJjolJ 

92 - " , 

. LULjJI CjIjjUI aLlIIaj ^sHajj-g (JjjlLq 


Lu jJa <Lu<LuiaJ1 CjLu£j1!I .6.5.15 

«S > 

^gi I_ji Lp j->3 A ml ..'^11 PI £LJj) J 1 " '' .',5 j"' J-aJiluU 


A^li^ll j .aAjLoJ! djl jjLJI tliLaLu j Jal jill i-_aU^jl 1 " jI j Jlo tiVijj'KWl 

t 

l C3^)^ ^jojLujI (J^juaJj . \W ^1 j.)g->'^l ^^3 Aj^C^J-q <j-iaL^. fiJijiyi 
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n^nj ( ^Il]l 6 L-llLoJI Jaxull ^j-o Cljl^-Ll ^)ll • 

JjIS JIC' 

> «S 

pl^^.Vl 1^-iS ^--A»-saj t c_ i^^all Jaxull LiJ^jJa <LaiLai^II C1 jL^jjI^)]Ij • 

<Ujli ^.jjJalS AjJa^)Jt-«iSI 

(jl Jj SjUiyi Cj^)^. j (j* CjL^JjIj PI CjI SJL^. ^a jjj 

^j-o ^j^fLi V a^^.^a 1I ^-IjjVl ^ia . ^ AjILoJI ^1 jjVI (j-o S-ijla ^)j£l ^l^jVl 

JjL-aLill X\x.^ cAjILoiII ^a La! . L_j^a!iil jl S^j» »^\1 djlc-laill 

. L_JiJj Lq-q £.jjJaU A.aJ^il^\l ciili ^ia^jjuj V 4 jUill 


AJLJI £|j&| .1.6.5.15 


l^j-lx-A^jj 3jc. Ajj j'^41 4 uni . . ^ 11 LaILwj lc-^jj oA ^ PI dll^lxu] ^JaJ 

. ^ 1 j‘1 i ^ fs 4JL*3 4jj jjJa 4_a_^»J 

alAjjljj 4 _^JIxaj lillij PI £^Ua ^3 ’A j^'iU ALli Jj'ja ja j 
I^Lj^jj t(HEMA) dLyLjj£lii« JjjjI j3ja -2 l&-° ‘JA^ ^glc. <j JWa Cl^jzsSj 
A-ii-i-v-a (8-15) lIAAI (jjjj . DBA <_&-« 2w-aVl als iUjIiIj lg.\n5"ij JjuAI 

.(Jc-laill 

4,~r..i-fc^ JjL^al2l ^ ^Ic. iSj^} (_£3lJ 1 4 ^ Ail ^3 

JlLo i ^jaja^aj ^Jjjja ^ 1 . u ^ -4a ■ _ 1 vV-ft ^3 0jJ)AI ^11 . a' ■ ^ ^ic- 

^jjljj diljiuil <aU>aj (ji-aj .djlj^ij Jjjj) j\,ut (JAJ ( _ s jljj-4 j (Michler) jLa\i-° 

.aj-aliil ALla <SjiaLa Cjl J4-a_jj _^a Ig.’Ux^ai 1 _ s Ac-l ClLiLl__)£l 

^ Jl 

AjL3UaUl]l ^iaLlAll C^n : ;;{l ^_l*_!OLl]l AxJ ,L ^>'l J CS - ^ ^-l*-£aJ 

(Jjn^ jJbA ^.^Uall ^)g-la,,i AJjla ^C- j 

a1^.j-<JI £>i& . 400°C (jj^ xaiMIj PI Jj 

• PI ^J±aAj1 ^JoaLal^il 

djI^LcJ^J ^JA (^^>^.1 ^)Jx^aVl 1 1.1 1^11 IjlA IjLgJC. 1 Jli] j 

. % ,_Pj HEMAj uAuSf! ^j-'4<4 J tPMDA Sj_bIS Jc. PI 1 
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4_LuAxJI ^3 6^jujIj-q jjJal! 

dlS^ll ^3 LiJjjJa qAjji*. j jin-al ^)-q J) (j^ii3^yb[ (Jjn3 ^ jj ( ^IlqI -4)] ( - ) J ^“4 4 4 




1-1 s <u]jla JaLS j^j di! j PI J Ajaulia ill : ( 8-15) JluJ! 


Aa^j^J! £l^jV! .2.6.5.15 

^jaQ s-IJujI ^ j^ya LiJ^aJa A^i\ PI -o ^ix-a 

^US ^Jjli^-O ^ Jj (j* L_l£^G J ^(cilxil ^>3^,^.) Jj L_l£j-Q J 4L_JJ.1 aJ (JjlS PI 

s ^ 93 e 

Axilxj . ^ -V i >'A\)W $. j i. >*\1 j AjtJJUalJ Ale. 4 y >> ^ ^ 1^0^) (jlLj . 

S .* ss 

lie. U_jli i_]5Laj5U iAjli ^ ' ■ -■'' Lij^jla 4 .j mall oiLa]l (j_j£ I lia _Ac. Aij^Ja 

(jjS (_J-Q ^C-jll ( _ s Ac. tlllij tPI gjjlj ,*-0 <_Sji3 Jjla-a ^ l^Ls. £J*2ull VfrjJajJU 
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Ui ^jla . ^)4C. 4joii PI 
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aLUs PI ^j-q ^1 jjV (3 jiIgTi.ll li& 

(jj-oVI cIiLijUj t(9-15) Jj-i^Jl (^ Aj-^aLg is^-J C6 -^ PI L — ^ ~> vil 3 JAgI aI^Ia, AjUj£-g 

* 

oi& jLo ijAsioi .(10-15) <ii« -ljj.l^jVl dlLulii j 4(9-15) (J^ ■ (_ji 4.nu 

<^3 Ifrla. .Lu AjoiLoii. L * '' j"' ^ 4_jjia ^ J’M <51 1 aLHII PI lLiI^iaJ _j2I 

>■ 

.(c^L-gI jj-gJ 3 J £-g ^ j-ojj NMPj JAaVI C 1 j\a£V (Jj-g AjjujIIg AjUjAg 

. £ J)xJ^llj ^iSUoLill AC- a] ^J j LlJ^jJa (JjjLol^JI LjJ^^-gII L_flLjaJj 

Uj ^A a (JjjLoia. L-I^^-g dll-llj-G ^jujIj ljJa.il AjLiS^aI! e^A ^-gjujJ 

jjjjK l cW^AAijt J^[ JA) JA^-1 -(Ah} 2 gr ^£jj4jA-4)-l]-4]-l]-'4‘4 l VK'i 
lc.|jjl (10-15) .JjjjiLu-5- J-ljjl ^llj-2- (jjl£jjaj-2‘l 

,A2 j j ^ CjI a1^-g 
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a_LIS PI £i\jaaA^A lj! jj-G^j^G :(9-15) 


-lij-lig-jVI AjLijIjj 

^Ijlj L5^^j AUA&^ 

tilillaS ^lA (jjALuj^J JJ^j JJJ^ ls -ujIAjoi- / 4 4 4 AjjAi^il ^lA 

Jjliiu- , 44/3‘3 <^jIA 

(Jj-gVI ClilAlA 

(jljj^)j jjjls L5 _ujIauj( (JjjIjj-4- -3) (jau- 2‘2 
jiul ^lA -5 c3 

c jjAjjij( JAig jjjls ^jAA) L^ _/ 2‘2 

(jlxA jAuj ^AA cJAf* 9j-3t3tl4-( Jjjjjj jiiA -3) (_pj^ 

(jjiLu[ — 3)-4] (Jjuj 


LijjAa ^jTxg:A 1 A1IA34 3 A £)jj 1 : (10-15) 




jjiA jHaj j jl ^lA CIiIA^g 
diU^iLai JjJL CjIA^g 


(O 3 S + SbF 6 ") fj*. jiA OjJ c XgI 
^ jjjj-i Jj (JjllS ^lA ^-!Aal 
Aj^xajl ^ aII ^*1 
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f 3 c 


jjAjjjj ( - 2‘2 



h 2 n nh 2 


^jjaLi [ Jjjja ( ^-LuSjjja jiiJ -3)-4] 

ch 3 ch 3 
I I 

h 2 n— ch 2 — ch 2 — CH 2 — Si— O— Si— ch 2 — ch 2 — ch 2 — nh 2 
ch 3 ch 3 


4±m\ PI a jiaA x liUUj :(9-15) JL&I 


o o 


o o 





^jUi) -2*1- La | i\^. -3- (JALa -3-( jjjiSjI t/ sl£-5*2)-5 



.-44i"4 ^jUj (jj \'^.'j j.' jjjJ jjjis ^ujIaui- 4 ‘4 V'j Vm '' (_s^4j 

PI CjIjjaiIjj aJL^i jji VI ljLuUj :( 10-15) JiuJI 
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(j^-aA 4<. — ijaaall Axaj . ^Ic* A_ijl^j]l <aa£^a 1! £^0a 

(J^ia^a (JLaxJjujIj (3^-V ^aA .£-Ia 3 ^)AC- ^aua^AAil (_3^S aALall 

• 100 ^^ 

C!aIa£^a]I aAA . ( c4j «ol ^jAjoJ) ji CaI^a-gaI^a JaA3 4JAx-a AAJ^jJa (JaxAjojA 

jAxuljj (jj£jjj C(jAj^)^Illl Axaj *PI ‘-IiIja-gaI jJ AjxJla CjIa^j-q 

j . CjIaI$A 1I ^JaxA ^)-®_j AJajail ji A_ixj]Ja]l dllA^^-all (JaAxj y^-aA • ^ a^yZi\lA PI 
^j-a Ajjl^-ill $.IaaI UflLjal LulLnaj Kju\n i. in*n aJc.Ua j-aj 6 -^ 

.cJjI^JI AJaxJ j-aj (11-15) (JjAaJI jin .Jaj^JI 
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AJc-liJI CjljtgJI AJaxJ ljU ijA : (11-15) JjA^JI 

l_a£^)J! 

JjaIj AjjAa^aI 
ALa j^IajI Aj jAa^a! 

AlnlLa JjAA-a (_P^ - 3 4 2 AjjAa^aI 
(jJijl Jnjni 


Ajjlaal! .6.15 


L_jIa£ ^3 j^\ A) J . Aj^jI y\W djLa^lxll J (JAA^JjJI (12-15) (JjA^II (JAAA 

AaaI }Af\W C!aIaj£JIa J^Ixja AASljJal Jjj-alij ^C* [4 <5] (BeSSOnOV) L_i jj jjoiaa 

^.LajujV^ (13-15) JjA^Jl jinj .bjlAJiW ^iaxjj S^)3 jaJI PI AaI^jaaJ^a] 

.^^.I^JI Sa^)I jJI Aj^laJI 


aUH .7.15 

J-alxJI Aic. L^-ll) ^ VNJ ^Jl (jUal Jl A* \\ jA AaAxII JIaA 

A-^l>n J1 ^)A C AaI V n Ji ^lai} a Jx«-vi Ji g4 j^\ a31^ ^ .PI Alii jaaJ 

£-1 jl^\ aJI^. ^3 . \g » *a JaUJ! Aac. S^)Lja m*i V L^j£lj Clj^L-ia^ 

^ u*n .S^)l_i3a]l Clil n.^11 \ g j u^n ^jl 4-Lu^-xi ^LLxkl tilliA 

C 5 ^^) t CS‘ A ^' J.J.J^ LS^ Ajj) 3 ‘sx>\l djlc-Lij-all ^jAAjujJ (j-o SAJ j-<JI 

Cljl.a-)jJa!l\' ^3 PEI ) (JLa*AjojIa ^.j^alj V j . 1^41 A*iVn J Aic- (^iaaI^aII ^jl^A 

> ss s» * 

(J-ol j'n.^ PEI j& CljLaAjai^JI (J-axjjoij .Ij^a^. Ia31jA c._l.UaA 1 A. : ).ilail 
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•• 1 Q2 ^ 

dal jLk ajIJiI Aj^loJjj 

.Aj A-A^jJall CjUjjaJI p\\ x a\\ (.IloJ -CO- -laj-li^jl) ^ ji jLa tA^jJjouJI 

^ic- A_LGjaJI CllLall^J ^gk l-li^. Vi A£^JjuuJI CIjI ^)X<u]^jJI 6^A JftVl 

. J.U*.I C3^J 


LjjLVj $ j3j!a3I ( ljI jjajIjj ^-Ic- Aila! : (12-15) 


dlUaa^Lo 


jUJ ^-ujV 1 

g. Luifi. 

Indopco 

Ableloc® 

t^LuiC. 

Kaneka 

Apical® 

(jJj* L)^ 

Mitsui Chemicals 

Aurum® 


DuPont. Cytec 

Avimid® 

(. Luic 

DuPont 

Cirlex® 

(jJj* L)^ 

General Electric 

Extern® 

gl /.T- 

Westlake Plastics 

Imidex® 

(_£jl^)a. '.( • ■'~ 1 " 1 

DuPont 

Kapton® 


Ciba 

Kerimid® 


Huntsman (Ciba) 

Matrimid® 

'.J '' • ■'~ 1 " 1 

St.-Gobain Performance Plastics 

Meldin® 

lj,^‘- J> 

Mitsui Chemicals 

Neoflex® 


Kolon Industries, Inc. 

Onlymide® 

4ja.U yil L_iLiiVlj i_$ 

Oxford Polymers 

OP-PEI...GF 

‘CL.L,^!! ljUIVIj (_s^L t jl j^. jib 

Polymers Resources Ltd 

PRL PEI-G 

PTFE j PI 

Lenzing 

P84 

(_Sj£j 

Johns Manville International, Inc. 

Polycoustic® 


DuPont 

Pyralin® 

cSDU *51L 

I.S.T. Corp. 

Pyre® 

*5tL 

Furukawa Electric 

Pyrocoat® 

ijjt-j 

Inspec Foams, Inc. 

Solimide® 

PEI 

Ensinger 

Tecapei® 

PEI c Uii 

Westlake Plastics 

Tempalux® HI 

c iUo 

Toray Industries, Inc 

Toray® 

lsJj* ci& 

General Electric 

Ultem® 


Nytef Plastics 

Unitem® 

»Lui& 

Ube Industries 

Upilex® 

(j_5^uai-a 

Ube Industries 

Upimol® 


DuPont 

Vespel® 
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SjIc-Ij jjVI .8.15 


aIA.1xa]I dj I ..\4jt.xll (jl .AjJlalijVI djIjiscxJ dll^i^A PI (JaxILoij 

djj ASXA djl ^jk JJ . djl^£^)A ^JA U-9^ (Jc-lij] AJjujIja 

jj£I Ijl Jfllujl j AjjISjjI j Ij UaLij 4 mil V iaII jjc- PI Clil ^iaJ 4a jC-^aSI AjllSijVI 


^JJC- Ajcniall L-lJjalJj .LAxJl (JJJlAjVl dllj£^JA (JA L5" Ja1 ^ I^jaLi 

ftjlc-j 4 _AaC< (J^jojJ Ia IjAj ^ja djl^a^-xAI A_1 ^juaJ (j^AJ 6 AjoijL^JaII 


. djl J).4 :\.a.' 1 jjj.d 



Sjj! j# AjjL^I fl^Sn :(13-15) Jj-iaJ! 


(J jlajll ^otVi 


C <U-a^]l 

Rhodia Inc. 

Antiblaze (Series) 


^ L r 1 3-1 Lsd“ 

Bayer AG, ARCO 

Arcol® 

Chemical Co. 

35 ( ) tA# 

DuPont 

Avimid® 


“ 5 ( ) A# 

Henkel 

Capcure® 3-800 


35 

(JjjAIj SuaxA dAjlgj j3 

Union Carbide Corp. 

Carbowax® (Series) 


35 (PEG) ( J jSJi ^ J jJAjj ) J jj 

Shell 

Cariflex® 



Columbian Chemical 

Conductex® 

Corp. 

33 Q*' ^jLaA 

DuPont 

Crystar® 5005 


jjjlujyi diVtiajj) 

Air Products and 

DABCO® 8154 

Chemicals, Inc. 

^ A^ (jjut ji»-« 
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jji SjjI jl\ f. IauiVI :(13-15) Jj-iaJl 






Air Products and 
Chemicals, Inc. 

DABCO® K-15 

Dover Chemical Corp. 

Doverphos® S9228 


^ CuLoj j3 l5 j\jj( (JjjjjjjjI tnj (Jd^a cJa-gj^ ^lii-4c2) (JjlJJ 

Yuka Shell Co. 

Epikote® (Series) 


^ ^ F j A. J ijijijauj CjU£^)-g 

Resolution Performance 
Products LLC. Corp. 

(Shell) 

Epon® (Series) 

A JjliiuUJ (JA JjAuauic. Cliljlal 

Albemarle Corp. 

Ethacure® 100 


^ JAj! 

Rohm 

Eupergit® C250L 


( -ll3 

Clariant GmbH 

Exolit® OP 1311 


j Clsliiiujja (JAil 



Shell 

H-2™ 


(j u n (jjla£ cJ^ J- 3 j 3^ (j-i-oVl ijAiliVI (j-o 0^3^ 



Lubrizol Advanced 
Materials, Inc., (B. F. 
Goodrich Co.) 

Hycar® (Series) 

Ciba Geigy 

Irganox® 1010 


-4- cJA^- djJJ- ^^J-5‘3)-3 JjJJJJJJj] iS J^Lc^. 


i ( dalj 

Huntsman Petro- 
chemical Corp. 

Jeffamine® (Series) 

DuPont-Toray Co., 

Ltd. 

Kapton® 

905 (A-J) ^ 

Shell 

Kraton® 


^jaL*J tiljJjJLa 
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Sjj! j# AjjGGII fUu&l :(13-15) 


(J ^a-uiVI 

C J)\l 

Lenzing AG 

Lenzing® P84 

67,65,62,23.18 ( ) J ^ t TDI-4‘2-MDI- 

Azko Nobel 

Lindol® XP Plus 

Chemicals, Supresta 

^ ^ did jk 

Cognis 

Loxiol® G40 

3 ^ jAlj jd) 

Morton International, 

LP-2™ 

Inc. 

35 ( 

Ciba Geigy 

Matrimid® 

68,67,65 ( ^1) 

DSM 

Melapur® 200 

( L 1g,l ) ( did j3 ) 

0 Si Specialities, Inc. 

Niax® A33 

^ jd .a 

General Electric, 0 Si 

Niax® L-620 

Specialities, Inc. 

j^ 1 ( JJj) ^jdV lj£jhjqj L-3^ aj L nl JAc. 

0 Si Specialities, Inc. 

Niax® L-6900 
56 _A£ cUlc- 

General Electric 

Noryl® 
32 PSj PPE 

Air Products and 

PACM™ 20 

Chemicals, Inc. 

35 • .. * 

(jld ( ^ilnl -4) J 

Huntsman Poly- 

PAPI® (Series) 

urethanes 

3 ^ dlidij jjl 

Air Products and 

Polycat® (Series) 

Chemicals, Inc. 

3 ^ ^dal ^dl ^^Ac. dl^dx 

BASF AG 

PolyTHF® CD 

33 THF dll jjdjj 

Rohm & Haas 

Primene® MD 

33 tjld-p- jdi ^lu-8‘1 

Rohm & Haas 

Primene® 

L-U-ioull Lille- 4 AifUl gL^-uj £-g Liljl LuliJI dllli-ol 
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jji SjjI jl\ f. IauiVI :(13-15) Jj4aJt 



(J 

Huntsman Poly- 

Rubinate® (Series) 

urethanes 

dlULLuij jjl 

GE Healthcare 

Sepharose® CL 

C?lj4.a ( 

DuPont 

Surly n® 

Dow 

Slygard® 184 

^g. j . ' U1 U„ 

DuPont 

Teflon® 

91,64,47 jjla ^.'jj j±aA ^ j 

DuPont 

Tetrathane® 

35 (PTMEG) ( J ) J jj 

ICI 

Teric® (Series) 

24 . * 

jjJ ( JjiiS Ufj y ) (_5 ( JjSJc. ijdjjJ ) 

National Starch and 

Thermid® 

Chemical Co. 

33 PETI ) Jjj 

Union Carbide Corp. 

Tone® (Series) 

^ J 

General Electric 

Ultem ® (Series) 
68,55,54,24,18 ^ ( 

Dorf Ketal Chemicals 

Unilink ® (Series) 

(UOP, Inc.) 

35 -* « 

l“ lljU u 

Ube Industries, Ltd. 

Upilex ® 

“ 5 ( ) JjJ 

Air Products and 

Versalink ® (Series) 

Chemicals, Inc. 

35 PU cjUilj <IU J, PPOj <>«L -di«THF- J jj 

Rhodia Inc. 

Vircol® 82 
5^ 4-^ 
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.(LCP) aAjLuiII diljjlJI diljj^ui^ <ULa. ^ ^j->. ■ ■- 

doi i. " 'I & j A JiLaJ J . ~ (j-al jSI AdlA A_iua^)S]l aAjLJI dll j jljll dllil^i. idlj 
( (Jjjj>ij Jjjaijj-n-4)- i_y^j ‘ (jj\;\;A Lr k^Sjl JdjjlSlI 

t dl -ijljajV 1 ^jLoiill QijLiij jllliill j ( (j ; ii ta u£^^)j]l dJ jjl£JI -n- ( _ s -uil a^j t(II)^_^«Ld]l jjljliiLa 

. 6 l^lk AiJ 

^1 AjjJ-aJ _jJI aAjLjiII idll JjiJI 1- <IJ ljw»1 (j^-aJ tAAjLuill dll J_jLll £- jj i . '’'1 7 - ^1 

<Liliul]l Ajjj-aj] Jj AAjLoi dll J_jLj AjjaUJj]l Ifriliulliul ^ AjJ;lAl]_JJ AijLa! dll JjL 

c _ Ajjolij^)1I aJjoiIuiII AjjaaJjJI aAjLJI diljjlJI (jdl^jxdJ (_Sd^ ^As 

.dlLldSfl ^’^AjljlaJI <LaLui]| Aj jj-aJjJI dljLuJI dll jjLIIj 

CAj*aj 1 ja 1\ . 1.16 

AJjojL^. (2)-° A-j^J^jl^ll A_ijljal]l <SU. ^3 

(J^QJjoiJ . 6 ^& (1-16) (Jd'Vslj .JaljJ^I dll.l^J A_]ajall Jl A_lajl^)J-G 

jjjjj jjjaij j iaj^>3l C 1 jIa^.j (JaLumlj j .tiLjjiillj (Jnjqn'l j t (Jj nqll j AjjoiL^JI 

J\ *1SUI CjIjjLII (S *z V <41il .CjI^jB c> ^ ^)JC. j 6 « 1 Lg!j 

jl ajjIaiII (Jjoj^Luj 2 >° c!jI^c.Lia]I dil.i^j .^Laill lS 

AijLaJI A-SU. ^3 AjuLalll CIjI (2“16) J<; *m\1 J (1-16) 

t (TP A) dlillj3^)j]l 2 >° cijl jj j-q AjoiLj^a]! .aj^j-cjI^II 

CjI ^ (HQ) jl (HBA) ^^jo^jj^ja-4 i jjx a .7% , ^ jl 

fjc. “ddladalVI I gjA A£jld« tdlljJA^JJ ^ddi tjlliJ .IAjLlS ^ ^ ';■■■; ij±ulC. 

. 1 Jj\;a;' jl (jjltiij jjj^dll j 

; > 

■^■1 ^ j (Jlijjl ojl^i. dil > dll j Ajj^ajI AijLoi dlljjli Ai^VI _>°j u 

Jl 

A )'!•> ^^ic. JLUi^!] d^d Ad"^ d -0 l Adi 1 .Ajidl^j-o 

.Jo^LJI 
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AljUJI cjtjjLil CjI jaajJjj fjk £i)jaaj4^a : ( 1-16) JjJaJt 


£^.I^)-<2I 

AjjoiLoiV 1 dll J-fcll 

15 


16 


15 

iillLudjJ^)£ ^Id 

17 

J.liA -4 

7 

dj jiiij -6- .liA -2 

18 

dial jjjoi -4 

18 

i ^ \ ^ ^ \\ 

7 

u 

19 

^j^jdjjJUA (Jijjj- dijj 

15 

J_jj4u -'4‘4 


jJtiij ^12-6' 2 

15 

(J^iiS^iial - 4 

L_kjUa^i] AlxiLaJI dll ^±ajJ j-<2l 


20 jioJ ^jjlma -4tl t-[ y y I -3- cJ4j! -3)]-4]— 4 t -11 j j^yu 

20 ( )-4]]-4‘-[ (Jjjl jj jg ^ jl -3- cJ4i] -3)]-4 < -4 j 

JOmJ Jjia [ _>4 yj£ [ 



—coo o-coo cooco— 

— N=N C=C CN H CON H — 

— (CH 2 ) n (CH 2 0) n O— : C 

£>\±^j :T .AliLuJl iJjljjliJl till Ci\±uj :(1-16) J1411 

sjfrlia Cjl^j : t tAiajlj CjIa^j :t_i 
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HOOC 



»iLj Jjjj -4 liLjjij -()- ^ui^j jAlA -2 




(jjJljij -6*2 



(jjltiij ui^jjAiA ^Ljj -6*2 



jjijSjjAiA (Jjjjiu - 4 ‘4 



Jjjj3 ^jxal ~4 


4jjLuJI ljIjjU cjjjxdjj i ja : (2-16) j£-u^l 


^jjii^jj-ligJlj (BP) JI-liLoil 

4_2k^p <£^)JjaLA dll_JJ-G (JLdXJjall 6 l^JUdSJ Aij^)laJljj . 

Laa ClAjaiLiS Clil j £y ^x. ju-^sa 4 Aj^ixul ^21 4_LaXai]l c 1 

<LalLaJl ^ ClL^Ua JJ^Ja Jj J-GJ I_A (JS^XJ 

(Jj-q t<U^_jaiJ Jjl A.iia?k (jli (JjULaIIjj Iaa 4 j x m n^jil 

S jLQ A.JraS,j S jLQ HQ ^3j TP A tiili 
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Aiial jOaII jI^aII ^3 i4ja 1 n^n j^jdA -4 (J-ojdaiJ 

(Jj-o tA-iilal! ^Jaall ^3 C1 jIj£^ja]I ^j-q 4jj)^,q\ 1 dal ^jjajI^aII (JLojdajI (j^AJ • ^ 

.Ajc-Ldall ^aJill 4-iC-jlj C^UaxJI d,.l.UJ <^C.I^)Jj JajdJl j iL^yldll <jld^. (jjlJal 

tiZM\ .1.1.16 


(Jj 6^A Ia£ (1-16) (Jj-dll (_5^ S^J^JuOaII dl^JJA^jjAll Idli-C. (JaXJjoJJ V 

Jd»Ml ^jC- HBA (JA J)‘\) * *’1 -4 jaa^ jJj-dj (j^AJ • aILujjaII 

. (JaJI djdgilj dJlx_A!l j tgjjSU j jjJjj-iall -Ijjoi^jjd^j 


{J^c. do (j^AJ J^Ixa 4_j£_^aII £^a 11 Aildl AxJ 

* .» 
ju>iVl i. . ''j-»*n .(jjjjS (Jjj^jj^jI (JjjaaII ^ya ^Slall SjjL . ^LaJI £t21all 

l_s^- Jsl . (JiJI Ajj-li^jl ;jj\.'^jj \.'g " l.£jjx Ijjlaij (jj_}L (juS j\uJ ^jli-4‘1 

. ^ 4jL^)la]l D.l£J 4 \"u (j-o JJC- J ] . >1^~' 

i alltejtt 4t A l-vti CjI .2.1.16 


jjjVI j tiliSj^VI dldj Jio tAjlc-liilll ^>a^)]I dl j dl jja ji ^a!1 (Jaxjjojj 

(4-16) j (3-16) 3^bJ -(LCD) aAjLoiII dl^^LJlj dLuiLai ^da 

aIjLoi dl jjL ^ia^j^a (4-16) ^1 cc^LIjj^! dldj dlj dl^j-o^jjA 

. Ilj jd S J-Lll Jii 



“ ^ Lu_j4a SjaLI] Jjli aAjLui CjIj^jL :(3-16) JiuJt 
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94 * .. 


laijjJj . jAlllS ( _gxJ-lvu jA ■Lx^ajLil dll «.dll a_i£jx 

(^Aii (La j-aC- . ' “'^JJ L'g " ^llL^SVI dll .la. jJ AialaJI -dulLa]! diljSj-all 

oLa (jl ^gjjij I La j (AJI& jjoiSII -djljjl jLoi^jl -Lii^a AJjLuJI diljjLlI diLS^ 

. (Jlc. _jaj LS \c- dllAlaj^l 4JjLaia JJC. ll _ja]| 

S-LolC. ^),.bJa,2kJ AiL}^)ia C_Lk-aj 4ii]j . 4-^La! (j -0 ALoiLuj CllLlJjVl 

* • 24 

Clllj djI^LQ^j^-o jJa^j 


! ^ (Jc-UlIj tiilj j t(5“16) cJ^ tdjl^Jra^ 


i ^jtnjujS jl c>5 -*^ jj.li& l_i£ j-q £-o j-q j^)j ^Uj • 1 


iciLj^U -4 (jJjax,2k £-0 (JC-lij .2 

•HQ j-oj Sjiwilj .3 

^Lllaj^al LqA ^JjVI 4 (6- 16) (J8 ^ U^ -0 ^ Liiaj-a V 1 

.6jlJ\ j 4 Ji£U (Williamson) jj^liLj 


S .2.16 

4^j1ula 3! jluiVI cjljjAiijj .1.2.16 

CjI ^)J-Q l4j\j 11 J CIjV (JLftJtJjall (j-G V 

k £-g Aj^laxil ^jUj (JLaxJjjj! 
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J-ttaHuLlj .AjIjUj sjiuil I_sjl£j]lj oj-alJl sjjjJjoi -■ ^flJU llVic. . ^ (_g jUr- 

.L_ajl£!i]l ^Ijjl ^-LuJa]l ^ ‘o (_£^Lg y'u*. CIjV dl^Li. 



o 

jluij (Jjid [ Jjjjj [ ^.uiSjija ( (JiiSjl )-4]]-4‘-[ ( (JjijtiLuiSjl -3- cJjjj) _ 3)] -4 



jluil (jjluja -4‘1 4-[ jjxa ( (Jjjlluu^jl -3- Jjjj) -3)]-4]-4 diLjjjj 


,jl"ni>i < 'ji Ljl^j aIjLuj CjI jjL C>\ : ( 5-16) JS«ui2I 


J. 130°C (j-G O ^aIaII £.lc«J £-G (_£ 0J xtl j 

>mJ ^aJ . dl jjVi (J-a L 5 ^J x^all Cll^J 75 Sda 270° C 

a_ia£]| (j-c aIaII 85 jjJ^3 iSj^, &jia 195 lDL^. 325° C 

* > * * 

330°C 1 3 ^ 1 j cl ) -0 (j-o aj^Lqjj£ jjjuJI 

. 1-lii.Li J) I^jIixuIlo 15 (j-Q (Jsl ^Jj Jajt.da.li Jajt.dali 

^■da.A^k i^JJ 63 -aL ^dJd ^* 1 ^ J 

. (j^ jjdi^JI JjJIxj iSy^- ■£ -IxJ .Lui-o 4liix-aJ 

I^Aj . (J^li L_ljL^. ^^Ji lx-o (_5^)JaC- (JjjJj ^sldaj ^jIjj L_flldaJ tA-illllli 

c_ajl£lllj S^aLJI Jc.lij Ij^l j . 63 -aLJI plc-j ^ Sjdlxo aILoi^JI dj\ yv^ll ^jjSjj 

. ^ AIiIjIjjII a jjjojVI J^JjJa ^jc- 
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OH 

I 

CH 2 


CH 2 — CH 3 + Br — CH 2 -CH 2 -CH 2 -CH 2 -Br 


O 


0-CH 2 -CH 2 -CH 2 -CH 2 -Br 



(jUxadji dl jjx^jjjx cl \U,^\ :(ft-\(yj JLd!l 


( jj— I) (jlji cjljjAiijj .2.2.16 


dll j t 1 x 2 “ULa. ^3 JLaxLuiV I Ajuldl! <■" \\ Jj'na jilxl -4 Aildal ^ JJJ 

jdta. <jx £LJ_)x L c5Lix3 .(dxl jlmj) djl jjxJ ^L ijj ( _j2l 

J jlja jiixl -4 j HBAj BPj TPAj lilAiJoiSjjjS jJUij-6‘2 

^ ^ ^ ^15 

.}! jx£ l^JLadxuL ^xxuJ Lax dc tJn -La jliia jl jxlt ai& (_£dj • ~ ^.dax^ 

.Ia jjc-j iAAxlSlxll djl jl.il] ijxjlixll j AVil dALxajll jiix t-LL jjj£II jl 
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u-aljill .3.16 


.4j.iUtll dll jxaj] _ j2I (j* j/'S ; ^^ic-l AJjLuJI dll j_jlill dll jjajI jj (j) 

dlli j£d£ <1 jLJI dll j_j 12I dll jjai) jj JLaxdJ j-d <k jj dliA C4_ndl 

• AjjjaiI^JI dll&Ludl 

^J-dal Lai ill^Ldl 'i ^}3 dal I 43lLdl dl J jllil dl JIAlJjl J L qu^ajj dl 

^jddllj tfrl^adl . ' id <xjoiVI 4 >°.l 4 L..4 j\ Indian d _u^a jj iZenite® j Xydar® 


c^jljdl ^jjll 

(jaUaJI j 1 1_ 

llV^nn^'l £jjJal\j ^jouJLj 

(JjLaJ 


(2-16) (Jj-^dl (j^ij . ^ (_g j^ixll JjA'ill j 




•L>dd. 


28 a Vectra® A 950 

O-alja. :(2-16) JjAdl 

tjAiLJI 

^11 

dodll 


ISO 1183 

g cm 3 

1.40 

Silidl 

ISO 62 

% 

0.03 

(23°C,50% RH) uJA 3 ' ■&=■ *LJI o=U-=dl 

ISO 527 

GPa 

10.6 

■dll 

ISO 527 

MPa 

182 

^ L n^\l AiJill ol ^ ~N- ' 

ISO 527 

% 

3.4 

J^l\ die. djoJl Jl*iil 

ISO 178 

GPa 

9.1 

^.li^iVi (J-alx-G 

ISO 178 

MPa 

158 

?. \ \s. )N/' ‘A-GjlLc 

ISO 306 

°C 

128 

(Vicat) ciil^ jiij 

ISO 11357 

°C 

280 

j)\ ^ x^aiVl A_Lxai 


iS jd jd jiill g- ji iTicona a 


4jSnl .1.3.16 


s-lill 4dLdl dll jjiill dll 4_ii. Jj 4 4j jjiui_jl]l 4_d^>dl jl jdl 4jd. 

4 n >.1 -s. II dilauUI od f_g jii . diliy] did (jjdiia . Ljadll oldili 4djsll 


27 „ . 


jldall d ji j| ^-0 ^JUl Ij ^j-q I.1& ^g-AjoLj . 
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AjjljaJI .2.3.16 


A^.jJ 6^)1^)^. A^,^)J AJjoUJ^}3I AJjoiLoJI ^3 AjjolL^, ^Jjo£ ^L^»Sj JLj^J 

j> 

i^y^yi^A (j£-aj .IjjoiI a jlg.g^all Jjxjoij (J* V* 1 ! AjlSj^>a]I 1 Sjlj^ 

:JLi.jl JiLa Gji CP' 

jl ClAil • 

1 A-a-u^ Alujt^. jl • 

.A_L)-q Clil-lc-Li-a jl • 


g nViV 1 Jal^jj JlidVI CjU. jj CjI ( 3-16) Jj^aJI £## 

^-jo^ j)*n a til -4- Jjjj^-3 a^jJa^-xiil A^^jjjola]I djl^y*n*n\ ^A\ Ai&^y ^jjiu 

• U x ^ "4 


A_u£ jill jlg-uajVi AJaijj JUDVI $ jl A^jJ Ajxjj :(3-16) Jj±aJI 


rc] \ T m 

[°C] \ r s 

^ 4-ABA (ja a41^-o Aj^Ia Aj-uij 

152 

no 

0.35 

152 

120 

0.50 

184 

112 

0.65 

306 

114 

0.75 

334 

— 

0.85 


ciljj jL ^^g^jlijujl -4 : 4 -ABA 


clL j J^J * -4“ tJj “3 gK*^^ • d jliaui ^LO ^0 


A_laSj (j^J .Ajj£^)j3I Ij^)Aj^. C5"^ _ ^ , 3^ Jj&VI A_^.^p jj*Ti V 

^j-q A-aLoi^. (J 3I jA <_£ HI C ciL gs“ j ^-J"^ j,j ^ “4 a!ia£ £-a jl J_jj j)\.£.x*a2^ I 


^ .» % J 'J £ 

AjlSJ^Q Lg jULg A_j^)L* 11 dll ^)Jjau]_^]| l4\*‘lAl . cillj^jd ^jal£ jJJjall -\- (Jj J^U “3 


. IAjLj plsjjl 


_LLujJ 


AjjgaJlj -3.3.16 


Al-aldJI a^A (J» V'l A-Iajoiljj aAjLoJI djI^j^LlI A_i^. jj ^3 _jjjIj]I 

^.daA'i .LCDs aIjLuII CjIjjUI idLaiLuj (JLaxdaLyU ajI.i^. aj^j^jI^aII aAjLoiII dil^)^L]l 

.^-^■jld 4-lLc- £-° G5^ ^UaftluiV AijLoJI dlljjLlI (jiaxJ 

j> 

.AjdA^,^)^]l ^jjjL a^jAUall aJA 
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.4.16 


Lo iCjlSjuJaall qa 1 J-lC. 4 _\jLoi]I Cj! jjLII CjI jj c"ihj .41 


6A-gjULa]! og.1 xu^\l 4 _i1L*JI 


cijij j^aSI 
to 4 -LuiC.VI 

CIjI 

to^jl^-x-sall CliliLjaj 

t^Lajj^y 11 djLo^ix-oJI 


jjhnlU 4^.1 ^>^J1 CjI jjl 
t4.jjJalj^)]l £jLjaJI 

. djUsmi 


o^l .1.4.16 

** 97 * 

c> 4ij£* 4 -£j^ c^» (in situ composites) 

Ai^^ILq V — 3j4a*o ^gic. ^ J)g 3^11 I A& JjjiaJ ,(^^±aA jJ (JjLaJ 

* * 

j 4‘*n W 11 CjIujIjJiII (4-16) (Jj.1^.11 ^a.?klj . dal ^j^jl^ill 

AjdaLaJI (_£j&i <SjSj JjUJI j_j!JI dll JJAll jl (jj£l t£-ld^!ill S-ljjl 

* _ J> * 

44k U^- L)^J •44^1^)11 t al_ii^>LS 4^s! j>JI tillj 4jj£ill 4 j]) 4j.4ij .Lj^jI^^. 4j.^1*ix>1I 

. 4-i^.L^.^ll cdLilVlj 4k^)ULo ^3 4 ^£^a 1I jlj-oll ^Ax-saj 4 _i*jjLojI 4_JLabG (j^^ll 

* * 

^\a j yd ^jdikl dll^. (_JlLuiil j 44 dll ,v^4 5r (_£-lil Aildal 

diljj/sJj^ SljLaJI .ll j^JI (Jjidi 4-iil8.J (jli iL_n*JI I^J dll jXaJ _jJI 

d>LWI (j^J ^JA ^-Ic. I ^JjLalll J 44 dll ^JjAll^l jdi (jli 'J . Jdasl (Jjlxuil J j4 

44 -y j" 
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(jlLai! yh aJL^ yh AluaLaJi £i\j±aA^A\ :(4-16) Jji^i 


^V^VI 


29 

u..b~\.V' -i 3 ^ 3 - 0 

30 

U CliLllaLIa-a 

32,31 

<V) iAs? 

36-33 

(CjUjjjS) 

37 

(j4“J) iAs? 

39,38 

( 1 jJjjj'VI diVtiijj) ^jj 

40 

(jJjjjVI Lli^llij) ^jj 

41 

(<j J>£ J4 -M) (J-% 

42 

(o^j) <Jji 

45-43 

(oikiJJi) <Jjj 

27 

(j>M iJjj 

50-46 

^jSI^^qAaijj (jASlA)- djlda jaVjj 


.Ijc. (.. (n*n aI_Vl (JjLoJ! jjLII CjI j r i^J ^j-aLaJI A-i^.jj]l j] 

jA\ <SU. .djlliilil -V V' 1 .A_aJoA^1g CliV-^-a 

• ^ ^-2 AjL^JjoiI A_^.j^ill Ajjoij (j^£j LCP j \1 (^jjjoij) 

cAj-liiiLi]! £-0 (J^J V (Jjljalll JjUl (jV J 

^.jjoi ^j-q lAA ^jjj A_xjjI^j^]| Liivi ^lill ^ (j-° AjSLliI Vx^I ^Vll 

(jli j <l£jauJI &i& ,^-lc. c_ililill 1 4.4)3 VI ^JajoJI ^jLx^ajlVI 

■* f . . ■* ^ 

^C.1_U1J ! (J^jVl (^J-OJslLolj Ig-joiflj (JLaJtJjojI . 1 —JjoiLLg 

(J j.lVI ^j^Vj . L-fl..vIl 4 j.1xj]I AjjouII .Ij^j j i** iWi ^nu V ^3 JjBljjll 

.oaa ^IjjII (Jxl jc. (5-16) 

(.** l,Wj ^Ii!l Jaj^)jai]l ^ JJ VOg-.l l^lij ^li]l ^Jraill djUVaVa (j£-aJ 

. ^ d il qjjWI l^-i3 
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4JjLuA1 lj! Cj) Ijj J-al jc- : (5-16) JjAyi 


^^.1 j-<AI 


AAAaL^Jl 

52 

AAALaII Aj j. Aj^ jl j ^jt La PP 


53 

AjaLo CAljaUa-o 

(u^JJj) tjjy 

53 

(<jJjA“- U^H Jj U^Hi' - aij^“) 

(j^JJj) (As? 

54 

(Jj* 

(4^i! J“]) 

55 

[jj JJOwAtiljj]! aJI j '■;* j| 

(^) tJj? 


4_JIaa]| Ia^. jl j3 j j-all . j)J j jJall Ua. jl j3 j ja I jjj£ ^ jAjlA 4^1 IjlaII Ja j jjA jJ jJ 

j > * * 

^Ac- (Jj^a2k.j (jl (jfLoJ i CA 3 n\ (JjLoiII jjLll jjxnl jj L*iaj i‘* n«\ 

jlg.j^all Sjl j^. 4^jA ^lijjl ^A C(_£ j^.V I AjjJa^ll .4jjj£ CAl jJaS 4.jg,.j Li^.j] j3j j-q 

^ j^ll Ale. (jjJaL^Jl 0jjl jll j jA 4Ja^OLa (j^-<^ tilli] j . JjLJI j yy I caI j^y jJ 

. A ^ *\ A‘q% aIl^U. CjI^JjI jj 


Ale. j luVn LCPj (PC) (CAU jj j£) y 2^1 j* y djlinill jjj£j j)l (jofj Aal 
(jl A^. j 6^1 aa 3 .4jaiAl L_J jLaiVL 4jjlLlll lylijalll (J-AXJ . 4^.1^. j aAI j ja. 4AL»Jal 

jialA^Al (jlxllj . ^ 4^. j^ll (jAaik yj (jAjJ LCP\PC 0 jl j-c yi (_£ jlL 1 £aLi X a 4il_iJal 

% 

<ixji y 5 yij^. 5iLjai .Aj^iuii lyiyi o jjju (^iii lcp cAuy jj^A y.jyi 
A_LjJa lAjiiy ju^ ^i] ((j^iLai) yy 1 j lcp ^ai j-o 4jjiii]i lyyaJi j-o 

jpi aj jj AAxAaL^Jl y 4 ^ niu 4jjltlll lyLyi jjjSj . (_^jjuoJ 1 (jjaAlU y y Jl^A 

& 

. CAUuIJI (j j£j (jjal^J (jc. J jjalA (J JJlLAI 1 AA J 4 j j-o 


yj AjjLai cjI jjL Cji jaxlJjj AiLAaj cA.»-iJtuiSi jjc. ( jiuji) y yi cAyisi j y 

. <Afa‘il5y.H j-al jaJI (Alii yi 4iLjaVL jpoi^jj j . 4^.1^. _jll L_iLi3VL (jL-ajl^l (jJjoi^J 

jl ^)V,‘ujjV 1 (jjjai^J ^^1 4-iLLla-Q CllljjJal^ AAjLoj CIjI jjL CAl jj<ajl jJ AiLiJal (jJjj La^ 


50 


ijJj^ ' 
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Lu jJa cjLiLxAjl .2.4.16 

4_lullLo Ajj^lxuajl J 4n' <uj]l 4jn'-v'l (JjjiLuJI dli <]jLuJI dll jjlill dl jjxjl jJ (jl 

4,djlA 4jVa - ' (_£jl^aJI 4ji£ij . dllla* *'l jjj j-C'l 4jj^aJ JajLoij^ 

. ^JuJa^a j ; 4. , ,■"' jjc. ^ j < .lid ^4 ^ (jldll I^A 

‘4 1 dn.MI c-IaJ JLa (_£^Luia 1! jjx l^d- (_£^)I^)^»SI 2 - 4’" ^ ^ jj£ij 


14 








cS^lii-G^UI Aj^ixul ^21 AjjuioVI jl iAAjLuill cjl jjUI 4_iioic.l (JLo*!1ujI j 

j . dllj)a» a\\ (jj^klill ^.jjJall 4 _ujI**i«yH (jj^bjjVI y*J) LS^ ^jjp^*^l 

(jj^bjjVl dllj^^G (_£dj * C-jdall dll^lAjjjl (jj^J dll Jj^IajjJ (jj^bjjVl dll^^a 

. L_LujLLg 4^.^a (J^Ia (_£.4 ^ llV^'dixi g. j)*4a\ LgdJaJ^xj Ale. 1 1 g jj dll ^)J«Q j\^2\j 4Jajj^)-a]l 

aL^jl ^^Ac- Lp I g J> jA 4_i^, C5^] ^ lj)a*N *. > il^q'ni.i.o g. (_pa^)*li]l (jl 

. IdjjJa (j2a^)^»-a ^-kc-Lja-a ^)Ladjl ^21 ^3 l‘* l,Kj (jl (j£-aJj . L_lUakjjdV I 


L_kj^)jJ jJ dlLiLax-all (_^ai j)^» II (jj^klill ^^3 ^pVI I^A (JLajdoil d^jSs 

J,;>d\l {ujL UU ^-4 j* j « 62 (Ringsdorf) djjAddjj 61,60 (Todorov) 

(_£^)I^)^JI L_1_^1ujVIj (Jj^-uiill ^gic. jdall L_1^1 ujV 1-J (Jj>AJ,nll 6 jj-a (j-a£j . jdall L_l^LalVI-J 

. 14 (Multiplex recording) ii*id! Jj->»nMI did) « ikJ3£l\ <c.j^j t^Vl j*dl 


c d-liadudo ^IC- ji Ljlark d-Jra'4‘ l U.u. < a $. ^da_3 jlj^ll oJlA ^j-o ^.Idc. ^_ixdj 2UC. 4 4_iio j 

x > Jl 

. ^11 ^UaiJI ^ic. l^Ll^ jl_*j (jl jl t ^. 2 kxd j! t C...n < ?\'i (jl Aj^)j^ra.i djL<ajix-a] (j^-^J 


Ajjj£-<JI djU jl*-<JI (j^J . La^)j-aJ Ida^^-Q LjjIjj I jLojSjI ^JJLdlll l t < 

.djLojlxAill ^'L^.^jJjojI (_^^)^j A^j^iaJI .SjLaiU 4j^jj-aJI (j-alj^JI (jjjLi^J Aij^Jall 


I^J^J < 


5JL^JI trans c3j^-° (j* cJ l>° 

ILLoi 4^k.j>JI ^jjc. -J^O ^ jS I^a dil^j-o jjjVI ^jjSj (Jc-liiij .cis cjj^-° 

djUaLaiJI C_fljl^Jj]l I^A c. ^ lUtdj .J^jl^ll g.^jJa]l L-jUailLull (_^jdjO-Q ^ic« IjJ^aC- lijI^JJ 

. JLc- ^)Lal£jl djl j AjlXjoLa]! 
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SJlols ( ^lc> dll (jC- dll^Lajl^^l ^3 j^)Vl (j^-aJ 

.l$J] jjl ^jlc* 4jnl y (JjaiLui iajj C^LjSllu jl dt^L^I CjI-I^j 

.djl^xo^j j-all (JlLo ^Lilaj-al (7-16) »*>ill cj^ 

J] (Mesogenic units) v jj^ djl^j JUJ (j j^j ctillj J] Aildal 


. jJVI Aiuj-al .laJ^) l^-i3 Aij^iallj A-lil^j^L^l dll.1^. ^11 -iaJ_jJ . ^)J-<u]_^l 

J) fijjjjJallj ^ll^J V is&J 
4\*y ^ic. J j)x^n i. or. 1 . ^ ’1 J\ .X’iVI a.l2i ojLjj ^jic. Ig.’ug.^ j - -^V*n . 2_lxiio 


59 


r j.>ill (Jx3 C-l^ijl ^JLJ l^)9J-UUi 


(_S JJ*& £00.3 J^u] _j2l <,1M ~~ '*' I— S-i^-Jj 


t^AjoUJ^jil 4A*ailuAl ^3 Ijjl Jjic. l^lLol^-o ^-Q djl . 1 

i^C-U-all j (jjJjijjjVI (jJJ ialijjVI £331 ^-0 .Vic. 4j.nl J- J^jfc. jl .2 

.jjVl ^l.u^a (j-a .j^Al c_3^jja]! .Aic. AAjl^j ^jxJ)£ jl .3 




HO 

^ (jjjjjjJl jp*k iI£Lj£IIm ^UJa^dl :(7-16) Ji*3Jl 


. 4 JjLa 1I Aaxda ^jaj] jd ^^-Luu ( 


.(*) 


593 



^jic- 4 jjd ^Llk^all dlil^^p 4 ^“^J , 1 ^jl^/diVI jjjoi^j jLaJ t 5 liLa 3 

^lli (Jld-ij (_S^ Auii (Jj (J/'J .a ^lli (Jld-lLl jl <ildo JajoiSj jAi& 

.osLdVI Ajjoi j£c ld»j! -da! (Jjj£! J/'J * 

^Ijjl tdl jJ^jjj^dl (jx AjI jj-oJjJ ^\jjl (_S^Py 4 (_jj 3^ dl ji,? 

* 

A^LojoU AjjoiC-I » cJj?^ a O -0 ^.Uallj Aj^jaajI^j AjjoiC .1 

. 200 nm 


i v daflujj.<a £^jJa A 3*n » J jl ^21 A^^. dal m \\ ( x-i*d]j AjIj^II Aic- 

A^.^q (JjJa dc< UJ^J^' (JaxILoU . (Ajlli^ll l«jk 

tAijjiall . 100mW cm -2 Iaj^S Sdij lujjJa ASix-aj 514nm aj^ia 

oiJwjj' »j*j ^4 jj>- ( i,>- t 5j>. j^jJh] uj^ ^'jj^ u^Ip 2 

»UjI (jc. Iai*j “CnjLaJii d iL-a j"' (jJj lillij 4djx t^y-aJ jjII ^ 4djlaJI 

>■ 

frliill (JjIuia ^k An L_kc-Lda-Q jLoi^jlj d£>Lc.lid5l £>2 a ^jjj ^j! .jjJII i—il-loauJ 
633 nm dc- cdc-lda-all ^jl nAiVl 

.6^.1^]! ^j^iL Lo j i mW cm ~ Ia^-is Sduaj Cjjy - a l-n » J jj 

63 - * # ^ ^ 

. *SfJ? ^ ^ djI^La^J j-all (j -0 is^ ^dj^lLall di\ 

. ^jjjjj! A.,4jio j A'\kx^i\ ^Disperse Red 1 (jjj^jjaip ^joiIj ^ c* nn 
* * * 
^ _ '*sj^ 2 U ,*i'l jj^jjAi^Jl dil ji Jtliij (liLjjlLo jdol) dl jjaiI _jj j . >. o 

Qjbl.' j^J^JJ. dl£j^3l jl (jlSJI -0)‘0[ dUSj-o jX-a lilli jlLo jlkiiVI 

. ^ JJJ ^ ■ -^>11 A: j ' ;-N ^ iJ 


S'jiiu^! JjLVI . 3 . 4.16 

SjIaII £-g aJjLuJI l^jilc-liilS Ixjj j i lg.rn.; Jaftl Lxjj Aj^jV^'I 6^)djauJI J^IaVI 

l^_jl ^A A-i^Ljaj A.yiVi Aj-ald AijLoill daljjUl jj cilljid . A a \\ 

* f * 

AjjUlSI Li2l^)C. jjLqj^)£]I t^J^ 0 daLoiljJI Aj^jj^I .aJI^-xJI ojLaII (jc* Alijj^aJI lg.3ng.j 

.(GC) 
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.Lille- ^li^aJI Jjjll dlj aJjLoJI dljjWI jl ^-q ^ilxj <jl 

^£1 ^-Idj aJIc. Sjl^)^. dL^.jj ^1J ^tid ^H3! dVL-aajVI J^ad c . ^. Uti " 1-^-1 
l^_i3 Uj AIjUJI dlj^UI c. Qj^-a jj .aJjLoiII CjIjjUI dl^)x<uljj a Lh, J jj 

, 64 4+£*l\ ajJUJ! Lisl^c. jjL«j^)£i! a V\ i> J aLLoiII dl^j^Ll! 

% 

A^lVi/a AlnjL^. A_Lui1uj j ( ^jLui^^liuj^ L) -0 A u*in^Il Aluiluill d i\ ^ dl ^i-adl^ll (J-did 

dl.vi » a aAjLoiII ajjjLII AdUJI (Jjuj^LuaII Lai . Idld VLaxdl aAjLui aj^^L C. y* 

^joiLj dljj <0)1^11 ^-^ill ILa ^-ajaii * ^ Al^Lill dl^jjuVI ^$1 j}\)\W *Ljj jlll £-a Ajj-de 

* 

^le ^LulLj^aII a_ujL^JI (Jjoi^LuaII (_£^-p . (JjLuill (_£^^ii]| l£^ ( ^jLui^^L * 9 ^l^all 


66 


. A-iaJjjjI ^)ll dLi£^)-a]l aJL^ ^3 (j-ald (Jj-a9 $.1.31 dl j^b (JJI -4- (Jj nan -4 


d!>Li^)£VI ^^ic. *buujjJj-ol! aLLJI Aj^^iill AdL^ll (JjoLyLaill jiax J (JLajdoal dl 
Liaise. jjLo j_j£11j (LC) aLU Idl^c. jjLgj^^II ^j-a J£1 s^}id-a IJ jlal 

(Jj-dl A_i*jjLLq aLLuj dl^jL dl jxaJ jd^j L \xs-i j ^ dl . (GC) Aj^)1*-1I 

^j-a cilli ^iC-j iajjl^ll &d*dul ^jl jj3 j^b ^L £ j C(jjjai£ jd j^ii ^Ljj c “ ^ j^a 

dLidVI ^3 ^11 A^Ldl . ^ &bddll Aj^)Iaxll dLi£^j-<JI 

dl jjLII dl ^j-a Aj^IxII Idl ^C- jjLq j^)^il S^)daiAll ^j-q Ajljoi^-q A^ j^a'y.Xi 

, dlfl^iJaJ ^C> Alio! i aAjLuoII 

LiSl ^)C- jjLq ^ 3 ^)daixi AijLaill dl jjLII dl jjxnl (JLojdaal ^nlaj ^jj 

^Ldallujl ^jLiij^jJa cilliA . Aj_jlxll l_i3l ^)C« jjLq J^)^ li I^LaXJjoiI Ic-jJjal (J 3 I AijLalll 

c aJjLoj Aj^j^L 6 j^)ui«a ^ixddl 

i ^ilA dLftjjai^J j jll Adai^lo aLLuj dl j jL dld^^. iaJ j . 1 

. l^J IgJaJ^j j\ l^ilijaill aLLoJI dl^j^lill dl ^.^Lla jl .2 

Ali^iall Ail Vj tdl jaxuIjj ^Jl jV I AL^)iall A-ijLlll AAi^iall La£ i^JalU 

.AjjjJaC- jl^-Qj Aj^jJaC. ^iC. ^Ij-Q ^\)>^> LS - ^ 

l^JnJ^l AajJaj ALU. aLLuj dl^jjli ^l^-Q (JL^jdail aJjL^-o d^^. «^lj 

ji ^C-LiaII ^1 fcU^Ji JjoiLiaII (Jc-lijll jdi V .l^illwJI (J ji)Lijalll 6^0 jj 


595 



. (8- 16) ^jLjj j^Ijj 4_a 3 (J.^yun^ll ^pLi*ai]l 

^ ^ l^JaJ _j 5JU. ^9 <1 q jj£I AijLaJl Clil _j ji4 I ^ljJa jJ 5_!L^. (Jj-ia3 £ I jl Ja^iLi j 
O-aC-lij ^ic. AjoUjJJ^-Q oJA ^9 aXjixjjoiaII AijLoill CjI jl ja dul^ 

<jaj|^jJ ^9j » JjjjU ^VN.'N 0jlj (Jc-lidll (Jjal9 (jl 1 4 >rtjj . Uxllj£ 

^jo^jlixi-4 ^gi JJVI o^)-q^ ^gij j^jl£ (Jj nxi ^jIjj <sLja! Cli^}^. 

nr\ * £ s 

J . l£jli*jd]l AjJajoi^ll SjLaII a,AA JaJ^j ^gjui^jl (JjII -4- 


70 •* * 

. ISjIiaJI ^jJc. AijLalll dll J_ji2l Jau£ i"'j/V4 (_£^)il sYIxIa (jjjJa ^)dl__)*dall 


0 jLl.-A I Jp\ _j]a| 1^,'4 j..^ AAjLuAI dllj^iAl dll^JAji^J (JLaxSjojI ^3 4_1auIauYI S^IaII j) 
<jj|^.j 1 £jLaJI ^51a J&. dil jjaJjJI «.5Ua (jl i _ s & AijLjaill Ljiljc- jjL»jj£]I ‘■"'lQ.yl-"'l 

(JjA 0^)jJa^A]l L (j£. lji]l 4 ll-ddll dl J \A A &-A1 ■ " > d'~ > ^J^Al 4(_£^)dl 4_l^Lj Cy*J -4 L> ; . ,.' 


(Jlidjl (JaIc. 4jii^j (_yAl£ jJJA (JjJj^>Jj 4 jISj 4 A -3 j JjauJ 31 j£ jY I dlY-l^l 

o^Ia u-!\a.uj (Telomer) ^jA^iill ^jl -3] .Jaj^jILj I^IiahII Y>Ia ^Yc. tAXuiL-y 

. 4j».iV'g II dll jJa j jY/U (_l^a3 (jYdi jj^AJj . 42 — 47 °C (J ?■ *4' AjjIaAJ 


-Si- 


CHg 

I 

-OH + Cl— SL 
I 

CHg 


-O CHg 


Y 


I CHg 

i. [. 

"""•Si— O — SL 

* CHg 


I CHg 

i. I. 

■~~'Si— O — Si, 


-OH 


Cl 


o 


^ O— LC 



^ O LC 


71.70 


ISaLuaII 44jLu 4I dljjlYI jaiiS d-iiY :(8-16) Jidll 
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4iLu ,11 a J3 Ll\ cjULi .4.4.16 

ejl jjLlI CiUiLi 75 (Castellano) jaMjIjKj 74 (Mosley) 

jjiiSj ^ajt ta AAjLuJI lLjI dlLjjL^ diLy£jj JJ j laJ >■ - 'U-»*n .(LCD) AJjLaJI 

^jAIia!! 4_*a3L±aj LiA ^2 j£a*jj . ^^.1 (jl^A ^3 AjJoj^jjla ^Aj £.1_1 aj£J1 ^ja 

^AxILoLaII 4_ijljaJl dll^J^LlI dll JAaJ ^J^^) jLLaljja3 J t^ljLalll Cljl djLujLud] AJjjjLojVI 

.JSaJI I 1 a ^ 

Jajaijl ^S .AljLaill CjIjjULj 4_*jjLai] LJailark,) Iajoj^j (9 _ 16) (J^jaII 

* .* 

! (_JA <Ujl_jalll djljjlill AjoiLjJ ^_11J dj^l-^jl 
iSLa c llaLo . 1 


^ic< ^*1-3 jaII ^ ^J-l^Vl J ^■I'U^qll ■ 1j x ti^jl (_£^)Loja (JA J^jaJ .2 

cJjLaII (j-o 4.,‘bJaLa. .3 

^ic< ^-*2iajA]l ^ ^J.ljVl J ^JJ.'U^qll -llA^jl (_£^)LaA (JA J^jaJ .4 

^ i-I^a .5 

.^JjjJa £-1 ±a jl Si ^)A .6 


‘ _ '!■»** 1X0 (_£^)Luba aIjLji AjjjL o-iLa 1X0 <— J\ el 



A.sJgj aAjLoiII A.’ijJab^Jl £a (JjjIaj ^Ic. ^lill (_£^)1 -aa] 1 ^jJajA ^ilxj 

^JJaJ^J (JA oAA Si jl ^ a! 1 <iiia QJ^JJ . IKa fiL^jl (JjLaII Si jU*A L <8.^.1 

AjjIajj S J)jg Vi .Si jl a!1 (J j^. S-lc. dlllA . j A ^a £>1_Vj1 ^ Jojolaa 

^jUdj u. ID nil l^Jj .SAaIxIIa (Jjj_jjaa]I Aic- ^JajuJl Sljl^-A CIAaIajI <jj£j tAijilo 
■la a ill jA 11 a j (jSa. L_lLiC. Juc. <)U11 (J ^ia ^ic- jl JaAJ ^ ClAjJ^^Jl 
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CjIjjLII JSa. .lie. .AijiLo ajjLuj S jj$ >*1 aJL^. <. qU^'I 

l^iili c. ^ \ nnj Lo-o AjjI^} ^3 ^jjiu vWjj . ALLail 

^j-o aAjLoiII CjIjjUI ^LaiLuj ^)j^a.ix,\l Cjj& Lo-iic. .Sjjg “\"\W AisLLai 

(j-G A-LLall! CjIjjUI ValLal 6 g- JjJral\ ^Ax-a-0 C_li£^)J (_£^a-i Lo-liC-J 6 (JjJ^Lxl! 

* * £ 

(Jj-q i A-IjI-dj dll^^lj AjoiLoi ( ^3 A-isLjaj dlL£^)-G cilljA . L-fllVll (j-o $.Lja-<i]l 

. l^ili ^JjjI jVI ^iVL C-j 

l n tLil^Lai ALLail djLujLai aJI^. ^a 

a_L^. Jc. cM ^jl2l CIj illi^aJ Ajj^Jall jjI^aII 

^jc. LqLqJ £JjJall ^Vi^J 6L_jUa2Jjall JjlL-a (JL<1 XJjujIj tA-ilc-J . (_£^)LauJI (JJJ 

^jjIjj Ajjoij ^_3j4 Vi 6 1 <> — Qi*.jJa ^jLtll Jaxull ^ jJaxai j . L_jl_iC. 


77 


AijiUI AjjLcuill Cj I J)jg.V.i]l ^ tillj ^^ic.1 


Lilia A.,ilia ^('L^jj) aliL^-xJI A^dla ^3 QjfLi <jl 

6^)1 A_^,^p Xic- O.ljim Aj^Lqjoi c-LoiC. tc — q,)4V-ill .Ixjj .(J (j-o LlqI jJ 

jl A.'4.iia A^.1 j ol^liL $.121x11 ^lajixj ciili Axj i £^)^ ^ • 200 °C Lk^)2i 

.atiUl 

A^._jJ ^11 AjlSj^-q AjjI a)\W CjIj^ jA\ ^jl A£.^)joiJ Vaal^j^ll Clj^Jal 

(j£La ; j L)^ J * AjlJ^)jail CjI ^^3 JUxlal^U AJjojIxq jl Ig.i^Q (JjtVi 

C Clil C^)ia^)jtll djLalLLj <4lxJ-dl a^LalAll oLa (JLoJtJjall 


14 i* 


AjjjaJ jjII CliiLaiill CjlLJal^j t A-iLiC-l j 


j| JJAll >jA\ 


.1.4.4.16 


ALLoJ CjIjjL AijLail CjIjjUI CliLalLal ^3 ALLail ^ c“ n*n\ 

* # 

Aj,\jV 4 'i CjI jaxuIjj (Jaxjjujj iAljLaJl AjjjUI SjUJI c“ n 1T1 <_£j^-i SAj .AjjaaJ 

CjIjjUI i^JA A_njL^ll (Jjai^Lail .Ljajl AijLal djl^xul^jj ^jAxuJaliil 

iS^ J .A^J-all AjjaUJ^)]! (Jjai^yLail Clili Clil JJ A ) J ALLail AljLall! 
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AjIjjUI (JA £^^a]I I JA (jl-9 l ^a! 1 4 J*Mj g| l^)]l (Jja3Lalll ^ic. AaAAa A^aLaII djI^J^LlI 

. Aj^aa^ajaII AijLaill CjI jjUI (Jl^ La£ (Jajaa V AAaLaII 

• ^ 0)a <*jLai]| aIjLoJI c1aI^)^1a]I 3^a 

6 4jjAaJ jA CIaKum ^ <UaLa dll jjL • 

.LajaaJja aIiLaa <UaLa CjIjjL jl • 

# J> 

^ i ]>->\ l S^aIj ^ Q \n > 4_1aLja]I (dl l ^ ^IaI I djl Aj^AaaI^aII djl^Jjalll ^ ^ ' 

jl S^JaIAI (JaI-3 ^)AA^AjA (JjAJ ^AaaII ^3 90 — 70) 4_AjaAA (JaLaII ^)^13l (JA (J^l-VA 

* * 

£A J ' (^y *>l3n\l (jjS £ JjJaILj £_1XjaLi]Ij 6^a1a] 1 . A-lldll ( ^3 £jd^A ^AAjAaIjI 

(j^fLl clildj . J (JaLaII JjUl (JAA ^3 (Jj-a3 d vWj <jl J^aa S^jaIaII 

no * 

. (JaLaII JjlJI 4 ^AjA JAA JAaJ JaII 

i c!a!>Ij^)£Ijja (JaaaI - 2 (j-® 0^3^ u -0 u' ^aa^a^aU (j^AA 

aAA^ grdj) d*?- 5 <_ Jj^Ae- aAAjj) lJj^J ‘^do^' JAi] 

(jLal^JI ^.ilsk JaAA3 JaIajaII J (J-lAAflAA ^aIajaII ^1 jaI ^)A ^^LaII dl JjlJl (_£.lAA • ( (J 

Jj'sH AaIIc. AaL^JjaI C^jLa^JI Jaja^A^IajoJI j 

£ * * * 

aAjLs AjS^o 1^j 3 tAijLua 4 jj_jL 4j£^o ojLo ^K-J i c<_J _jJ <■ " A l* 1 "' ^ 

t> % # 

(jc. (JaLoJI ^)^1a1I CaIaj^^. c_kx-a^)j . ^jja^a£^j ^jaa c^JaLoj A-^.j^)aa o^)a1a1] 

>■ 

■ e^ttlAI Ijiij U_^°^ i3^ J}.!.'^"' 

j,x^i Cjj^ j j; ^\a Ajiila (J ^ y-^~ 

.AijLalll dlljjL]l CLllllJ)^. i— L-aJ sl^jl l " jjioJJ tULol sl^jt 

. CIaI^aajj^a^ A_a^jui4aa1I AjljujV^-a jl ^ja^jouIIj 6^ja13I (Ja^Ia 3^a1I j' n-sl 

^XAj .(JaLuj C5^] A^aII ^3 2.5 A JA^I (JaLuj ( -^A l^\j^)£l < a\ »>lj 

AIaIs ^AALjolA ^A^)la ^jc. dll ^AA^J^aII ^LdaAj t^jjj^A^^)]! ^JAA SjIa 

jjUI aIaLs L -2j^ 5 (j ja£ (3^)3 Jj^aA Iaaaa ^j-^^iViill (jjS AkdiV^A JaLaII 
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JjUl L-fiL-saJjl fiL^jl ^3 AJjljJA dll JJaJjJ (JJj^J S^JJAuJI £>J£J 4 <j£aJ . JjLuJI 

. (jj-ihWA Qja£ tjji J^nlaj *l£l JjLuJI jjIJI (*_ajlj3 niTi 4(_£^jkl ciAaK^j . JjLuJI 

SJola ^lc> ^aLjja 4jjjjJall &jaL1] JjLJI ^jjkll Clil^JAjjjA (jj£j ^3 

AJlua tdJj ^ic. aJIaVI .(JjLoiII jjhll CjI-I^j lg-'Lkj] Cj31j^)£VI jaJ 

cIjIj aAjLoJI CjIjjUI cIjI ^ia^jja s^aL AiLjaj .(4-16) j (3-16) (jjK *^11 

^1 jJ ^Jla . djLa.lak.il 4 (5 -16) eft * a 11 ^jlajl 4 A jl Via 11 ^jVnxu^jVi Clilj^j 

^ .» .* 

4jjJ! 4jj 1J 4 jt yt\\ .2.4.4.16 


(j! ^Jixj IjA .Ajj^)1I AjjI^ A.ax.li AjJ.iljl.ill aAjLoiII dil^)jij]l dj\_ujLuj ^jlxj (jl (j^AJ 
(JA l^Jj ^jlajll AJI^J Aj^jILq (JjIa A_JoLaJI ^Jt ^)laj]| JjC- (J>l4kl <La)LuJI Sjj^. 

. lj jC-JA I^)aI AjUajljll AjJj^l Ajjl_J OJ^ 1a JAC-J • lfr-).\c- ^.AJalj £3jA 

A..nak.g..\l ^gjl Aj ill Jaa^I! (JA ^IjLullI dll _J jljll dLalLal ^3 AjJ}^l Aj jl 3 £JjA jJ (j^AJ 

^^ill ^3 . ^ Lj^)j^q.3 (J^JAaII ^ *1*\ *1a 11 3-1 A ill (JA (JjLuJI ^jjijll dLalLal ^3 jl 4<dj|^)j3l 

(La Ja. JJ 4 (JJJ JjjIaII jl JA ^Ic* A3jljjA JjLaJI JjLlI dlll^A. UJ^ 4 JJA.VI 

* ss > 

(jj£j3 A jlkll 3^^° J) (_5"^ lg-l.)A jljj^ ^ 4 A jl'sll (JA AjAjUJI (jiaLlAll 

AjjJ AjjI j (jV4*Vi cdli A.ldl.Uj .(jjJJjauJI ^ic. AjJ y*c, (JjLalll JjiJI CljUj^^ 

A_l^.jJ (JaIc. (JaXJjolJ 4(JjLoi 1I ^jjl^ll CjUj^^ ^-■I.^-IaII L_fljl_Jj]l I JA C- 11 .AjuaI j 

CIjUj^^ 4ilSiS J .^ij^)A (Jja£ (jj^S Ajljj (jliaJj 4 A_uajj oL^jVI-J A^k. ja ^lal 

A^Ljaj AjuujI J Ajj_J ^4jl3 A.^'VA 4 l^.k.C- Jjc. Ajalij oLkjVI i^ AijLaJI djIjjlJl 

. A_XJ JjoJ Ajl^Jjall AJajI 

(JjLuaII JjkH Aj^lx^aj AAila (JLkjj i£ l^j AjjI j ^xAuijJ 

C!jIj^.jj CIjIjc-Liaj aJJxa 4LiJjjJa S jaLIS <Lli Ajjj!lui]j£ (JIaxIujI (jk^j . 4.^ iW^aII j 

. di! jAa jj jaII oJA aIIaI (3-16) JS^SI (J44J . oJA ^.^-lajj]l djlijJa (J!1 a <ilk] A_iL^)£l 
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UiLjfS kLajA cjLjSjj .5.4.16 

djI^iAil aJ ^,lc- ‘CulaaljA]! a jjiiiJlj 4_A jji] AAjlall Lubj^ 4 \ L --i j Ct djlilS^jlil (j! 

: (J-odj (djlAuia4]l (j-Q £ja>! J ^3 fl-llLo AAjLal 

t — 1 ' • 

tdlLjUaJI jUj d ll .x.ol.->. • 

cAjjjaI^I dJ jjIjjII JiJAj «.l jl ss.li£]| ^Jlc. ^jjAill • 

. A j§ jll LDLa. '■"''oj.'i-'"' • 


■UjLji AjjjL dll jjxlj] J j (JC- dl ^,u^a (_£ 

^} 1 C. (JaILo Jajl j 4j^o lo (JfsdlL 4,)U-j.a i " n*l jr- ejLiilj (jiaJlj AJjill AAjII 

(_£_j^iiil jj-ajl j ] » i -V'l 4iaj dldj 4^.jA Aic .(JjLui 

4_jLISj 4 j ’ . ^ (jjtjjil (jj . (jiaJlj “dljS Ail ^5 0J j^Jl ^cJIjij . (JjLaJI 

4JU ^3 Al ^ a] 1 (6-16) J IjAaJ! ^^dlj . a_j^c.^a ^ a \ 4-jjdjil ^uaal i ^Jjj.dVil 

. 1 ^ ^ \ ^ j ^aII 


' lULj^S aI*43ja! 1 dLuSjUl AJL& ^ j| :(6-16) JjaUI 


g/dJ 



DuPont 

JjLoi <_£ JjL 

Zenite® HX8000 

Composite Materials 

a dual jL dJluIl 

PPI-1204-Ni60 

Composite Materials 

a dual jL 4 flluil 

PPI-1208-Ni60 

Composite Materials 

b dual jL t_i\ull 

PPI- 1 204-NiCu40 

Conoco 

dual jc. ^jj-v ux 

Thermocarb® CF300 


. cu^da ^cjjIj 4 (JfLullj ^gUa^a 


. d_3^)jauj £CJj| j 4 (JfLull ” (JJjt^ullu ^glla<a 
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Ajjlaal! ljL£UJ!j .5.16 


CIj! ^ajjk.V.a (_£ Vill (7-16) (jjJJJ 

1 (jj . CjLijjV^ ^^3 AijLoill ^3 a1a*I1*jia] 1 Aj^mll djl.^^1 j 

HBA ^ic. AjoJjoIJ-Q A_ij| JJOIC. A^^JjoLQ Aj^pJOll jJ ^A VcCtXcl® 1 jj&fe 

J jii3 jh*\ -4 (_5“^ c ' -li-d ^JJjoiI ciljjjij-6- ^joi^j^-IA "2 

t £ r l 

\\ AaIj (^jjjJ)^J jj jj Xydar® ^jl . \j * ^ ^l^jl Ld . TPAj 

Ijj-oJjj (jajl (j-allaJI ((jJjlj'yi ClVtiajj) yJjJ jJ-aJjJ j) . 7 TPA J BPj HBA Jc. 
4j^o Cjl.}c.l2a£ (jJjilVI ^>°J) -HBA JlAjI .V'C. lilljS ^ 4jSij c^ULui UjjL 

SS * J> 

X7G JaAill I2& (ja LjjLaJ s^)3jiall .^jjLuill Jl&iiYI 

.£^.1 jaJI ^ s^jljll ^jUjII s.LuA/ 1 (8-16) Jji=>JI (jjjjj .Rodrun J-Ijjlj 


Ljlaj a jljia ASjLlu AjjjL ilil jjaJ jj ^Jfr 4dl«! :(7-16) JjiaJt 




Sumitomo Chemicals 

Ekonol® 

Lati 

Laxtar® 

Mitsubishi Engineering Plastics 

Novaccurate® 

Dainippon Ink & Chemicals 

Octa® 

Unitika 

Rodrun... 

Toray Industries 

Siveras™ 

Sumitomo Chemicals 

Sumikasuper® 

Eastman 

Titan® 

Kuraray Co., Ltd. 

Vecstar® 

Celanese Ticona, Polyplastics CO., Ltd. 

Vectra® A 

Ticona 

Vectran® 

Solvay Advanced Polymers LLC 

Xydar® 

DuPont 

Zenite® 

RTP Company 

RTP Compounds 34. . . 

Eastman 

X7G 


602 






ja) jaSI fjk a Jjl jl\ fLuaiSb :(8-16) 



(j jl^Al ^V' 

C SU-a^ll 

Sumitomo Chemicals 

Ekono® E-101 

Co. Ltd. 

25 

( *4? J J“ -p ) 3-£ 

Ciba 

Irgacure® 907 

(j jjL j jj - 1 -( jj*-4)-2-[ jjj 4At*)-4]-l- (JAlo-2 

21 ... 0 

Japan Synthetic 

Optomer® AL1254 

Rubber Co. 

21 ( ) 3j* 

Unitika 

Rodrun® 

(JjLui (333^ 

Conoco 

Thermocarb® 

^ dual^c. s_i\_i]| 

DuPont 

Zenite® 

(JjLuj (333^ 3 ^A 3 J 


jjjlUl SjIpIj ^lufl jjVI .6.16 


SjIc-J dul£ c<1*jja1a lLjI^iaJ jj ^ a^£ja 1I jl ^<A1 dul£ UJ 

^3 .Ia^jjJlj LCPj PC .Aa£_a AjjJafl 

% 

. jfL i " '' nr- ( _ 5 Jc. J (jaaJlj ' ff"n' j 3 ^aJ LCPj PC j' L “ '' 'J r - 4 -^C-j L$ 

SjIxa aSIc. ( ^lc. (J Ig.'lAjjj ^aj A nar 11 3^-*^ ‘-Al^ L$ 3?“ 

j> 

© jIxa Aic J ^j-sa^-U Adi jillj 3^* xt1 " A-AaC- j .S^lj a1^.^)aj 

^lj . J^.I^)a 3^ 3^3*^ Sjlauo C1 jL± 3 3j3ra;?kJ (_£3^. • 3^3* o A xj 

A ^jaII Ig.j^al^j^. aJojujI jIx_a 1I ciiljj dlliiaJ! ^ *Q u.^ajj (_£3^. 

cdulj Ajjoi (Young) 3J (J-qL*-q 3^3*^ ajlc-j A-AaC- ©.IjjI .A-I^^Ijj^M J 
IjI_p3 &j)\ g ks-xW (J.ixA 3A^^3 caAaII 20 .iAAI AajULa 

. jjj.iAI ©jIc.] CjI^a jljjjlj 
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^ A'lxJbLaJl LCP (Jj-^ 3 ojlc-V *- .Ofcj 

U_)^ L5 A^Uj 3-^ (JLoJtJjail (^£ (PP) ((JaIaj^j) Jl (j-Q A.'ix^ab^. AJL^. 

djjjl! ^3 Aa^iUI ^j^Jall (Jj-sa3 AaIaC. lO-9^ Q^ 1 ’^ (Jig * *' J »PP ^a-oa! ^aa^^ 

(JjLoiI! (j-o a_1aII 70 ^U.jU AJL^jJal! &3 £j . 

^^j^IaII ^jj«oj\^a 1I ^jc. Iaj^^ AjJalxJjaiV 1 (j^-^ Aji .Aa-oII ^3 96 t > j-^ c ' 

tiiljj cLCP J PP (j-G £Aj-aI (JjLalll ^JJ<C>j\^a11a ^)5LaII (JjLalll 
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AjjUall CiL&Uil LHjfS 


Ableloe® 



Poly(imide), 

( j*"! ) 

Accuguard™ 


Poly(phenylene ether). 

J4) tAg 

Accutech™ 


Poly(phenylene ether). 

(jjbpi'l J4) 

Aciplex® 


Perfluorosulfonic acid membrane. 


Acnor™ 


Poly(phenylene ether). 

(ujbu^ 1 J4) tAg 

Acronal® 4F 


Poly(n-butylacrylate), 

( Jiijj-n ) Jjj 

Admer® 


Adhesive resins, maleic anhydride grafted 

j! ( (jjLil] ) ^ C aV LlslaJjl J 


poly(ethylene) or poly(propylene). 

lAnlLa ^ jj 

Admer® L 2100 


Poly(ethylene) grafted with 0.1% maleic 

JUj-llgil 0.1% ^ JJ 


anhydride. 

lilulLa 

Aerosil® 


Fumed Silica, 

4_ikAx> ^ 

AI Polymer 


Poly(amide irnide), 

( AiaI ) jj 

Albis PPS 


Poly(phenylene sulfide), 

( AiiLu ) J jj 
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Alftalat® AN 739 


Polyester, 


A*] A# 


Alphamide® 


Poly(amide imide), 




Amodel® (Series) 



Poly(phthalamide), 

( Aul Jtia ) A _jj 

Amodel® 1000 


Poly(phthalamide), 

( A Jtia ) A. i jj 

Amodel® A 1000 


Hexamethylene terephthalamide 
isophthalamide adipamide terpolymer. 


Amodel® AF 1113 


Aromatic copolyamide 6.6/6.I/6.T 4, 

6.T4\6.I\6.6 tiljUbG A±a\ 

Amodel® AF 4133 


Aromatic copolyamide 6.6/6.T 5, 

6.T5 \6.6 tiljOxu-a Ai-ol 

Amodel® X4000 


Hexamethylene terephthalamide 
isophthalamide adipamide terpolymer 

65/35, 

35 \ 65 jjj j 

Antiblaze (Series) 


Flame retardant. 

e-A JrA 1 

Apical® 


Poly(imide), 

( ) A-JX 

Aqua-Cleen® 


Ethoxylated mercaptan, surfactant. 

**“ ‘ a ^ 3 A- ,Q 

Aracon® 


Metal coated Kevlar® fiber. 

L 

Ar arnica® 


Aramid, 

JoaI a» 

Arcol® 


Poly( propylene oxide). 

( A^jA' 4AA ) Aj^ 

Arlene® 


Poly(phthalamide), 

( A Jtia ) A 


612 

















Arlene® CH 230 


PA 6.6/6.T 5, 


■iJ J.* PA 6.6/6.T 5 


Armos® 


Aramid, 


jl 


Arnitel® 



Poly(ester) elastomer. 

LB jlioiVj ( JAjJ ) 

Ashlene® 


Poly(phenylene ether). 

J4) 

Aurum® 


Poly(imide), 

( ) tAjj 

Avaspire™ 


Poly(ether ether ketone), 


Avimid® 


Poly(imide), 

(^]) 

Balpound™ 


Poly(phthalamide), 

Jtia) 

Basofil® 


Melamine resin fiber. 


Baytron® P 


Complex of poly (3,4- 
ethylenedioxythiophene) and 
poly(styrenesulfonic acid). 

( -4‘3) L>* 

( iffi (jj 

Black Pearls® 


Carbon black, 


Blendex™ 


Poly(2,6-dimethylphenylene ether), 

(jjj) jAma ^lS-6‘2) Jjj 

Boltorn® (Series) 


Dendritic poly(ester)s. 

L. JJUuali ( jluij) jj 

Bondfast® 


Epoxy functional poly(olefin). 

AAlIa^J 

Buna® AP 437 


EPDM, Ethylene propylene diene 
monomer, 

(jjjJ (JaLIjVI 
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Bynel® (Series) 



Anhydride modified ethylene vinyl acetate 
resin, adhesion promoter, 

(Jix-oli (jjUnl (Jj'n'^1 

Cabelec® 


Conductive carbon black masterbatch in 



PA 6, 

PA 6 ^ 

Cabosil™ M5 


Silica, 

llillu, 

Calprene® 


Styrene-(ethylene-butylene)-styrene 



triblock copolymer. 


Capcure® 3-800 


Thiol end-capped polymer. 

(JjJjlL) oliai-a ^A-cul 

Caprolan® 


Nylon 6, 

6 (jjljlj 

Carbowax® (Series) 


Poly(ethyleneoxide glycol) (PEG), 

J J JJ 

Cariflex® 


Triblock copolymer, 

4 V^W til J likUl JAAj] 

Celstran® PPS 


Poly(phenylene sulfide). 

( ^joLmall iaiLoi ) J jj 

Cirlex® 


Poly(imide), 

( ) Jji) 

Comshield® PPS 


Poly(phenylene sulfide), 

( ^jolmall Juiluj ) ^ jj 

Conductex® 


Carbon black, 

a^all 

Conex® 


w-Aramid, 

J -m 

CoorsTek Neat PES 


Poly(arylene ether sulfone), 

( a jjj] jJj J ) 

CP-45X Developer, 


Developer, 

jjh* 
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Crylcoat® 2392 



Polyester, 


Crystar® 5005 


Poly(ethylene terephthalate). 

( (jJjjj)/! diVtia jj) Jjj 

DABCO® 8154 


Cyclic tertiary amine catalyst. 


DABCO® K- 15 


Metallic based catalyst. 


Darocure® 1173 


2-Hydro xy-2-methyl- 1 -phenylpropan- 1 - 

-1- jUjjj Jius-1- l!jjj-“~2- -2 


one, photoinitiator. 


DC® -704 


Silicone oil, 


DC® -710 


Silicone oil, 

du j 

Denka® SMI 


Styrene maleide imide copolymer, 

AxqjI ^ Cj <**< . .i .*T' a ^ \ a < 

DER® 332 


Bisphenol A diglycidyl ether based epoxy 

A (Jjnq°>»n ^gAc. j 


resin, 

jjjj JjJjjulAc. 

Desmodur® (Series) 


Oligomers based on 4,4 -diphenylme thane 



diisocyanate, 

dlLLjal J jjj 

Desmodur® W 


Bis-(4-isocyanatocyclohexyl) methane 

(H p MDI) lA^° ( j^! -4)- l>*^ 


(H 12 MDI), 


Desmophen® 690 


Branched lacquer polyester with OH 
groups, 

OH JJ> JJ l. Mjjla jIlj) Jjj jS] 

Diaion® (Series) 


Sulfonic acid type ion exchange resin 

cillj Aad (_ja 


modified with 2-mercaptoethylamine, 

“2 — ^ (JaxaII 

Disflamoll® DPK 


Diphenylcresyl phosphate. 

dlliujja 
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DOVERPHOS® S9228 



Bis(2,4-dicumylphenyl pentaerythritol) 

lib ^lij— 4^2) 


diphosphite. 

duiui ji ^ lij ( (J jb jb jj! 

Dowex® (Series) 


Anion and cation exchangers. 

(jjbl cbV 

DYLARK® 


Copolymers of styrene with maleic 
anhydride. 


Dyneon® HTE 


Fluoropolymer, 

L $ 

Ebecryl® (Series) 


Urethane acrylate. 


Ecdel® 


Copolyester ether elastomer, 

^LGjlialV] ^>b] jlialj JJ 

Edgetek® -PK 


Poly(ether ether ketone), 

(ui^ A' jy) iJji 

Edgetek™ 


Poly(arylene ether sulfone), 

( a J4, J ) 

Edgetek™ PPS 


Poly(phenylene sulfide), 


Ekonol® 


Polyt/j-oxy benzoate). 

(Cil jjL -p ) iJj? 

Ekono® E-101 


Polytp-hyxlroxy benzoic acid), 

-p O'" 2 ") tAa) 

Elvamide® 


Low melting poly(amide), 

<j-bibbc jig jl ( Al^l ) jJ 

Emi-X* PPS 


Poly(phenylene sulfide), 


Engage™ resins 


Low density poly(ethylene), 

AjJaibla 4i\l£ jl ( (jjLb] ) ^ jJ 
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Ensinger PEEK 



Poly(ether ether ketone), 

(tlA£ A 1 jy) iJjt 

Epikote® (Series) 


Bisphenol A/F epoxies, 

Fj A. CjI ^ 

Epispire 


Poly(arylene ether sulfone), 

( u jy j ) 

Epon® (Series) 


Diglycidyl ethers of bisphenol A, 


ERL™ 


Alicyclic epoxides, 

A <'q\-v <11 i ** tl 5 < ■ \ <1 

Esacure® 


Photoinitiators, 


Ethacure® 100 


Diethyltoluene diamine. 

dwAp JAi! 

Eulexin® 


Nonsteroidal antiandrogen, 


Eupergit® C250L 


Epoxy-activated poly(methacrylamide), 


Exolit® OP 1311 


Mixture of aluminum salts of 
diethylphosphinate and melamine 



polyphosphate. 

(jj-a!)Ll-a]l dlliujji J cJA?) 

Expandex® 150 


Calcium salt of 5-phenyltetrazole, blowing 
agent. 

(J-alc- (j- 0 ^-A-a 

Extern® 


Poly(imide), 

( 

Exxelor® PO 1015 


Poly(propylene) grafted with 0.3% maleic 

%0.3 fx.h* ( 


anhydride. 

4uiui 

Exxelor® VA 1801 


Ethylene propylene rubber grafted with 

%0.6 j' .VUj ^*_lxa jAujj JaUa^a 


0.6% maleic anhydride. 

tilulLAl 
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Exxelor® VA 1803 



Ethylene propylene rubber grafted with 

0.4% maleic anhydride. 

%0.4 jl-lLaJ ^*Ja<a jjLjjj JaLLxa 

Flemion® 


Fluoropolymer ion-exchange membrane. 


Fluorinert® 


Fluorinated oil, 

Clu j 

Fortafil® 


Carbon fiber, 


Forton® (Series) 


Poly(phenylene sulfide). 


Freon® 113 


1 , 1 ,2-Trichloro- 1 ,2,2-trifluoroethane. 

jljjljjjla ^lilj-2‘2‘1 - jjjIS ^j^Ij-2‘1‘1 

Gafone™ 


Poly(arylene ether sulfone), 

( u jsLi jjj] jJj jl ) 

Galwick® 


Wetting fluid. 

^Jixa £jl-a 

Gatone™ PEEK, 


Poly(ether ether ketone), 

(uj^ A 1 M) iJjt 

Geloy® resin 


ASA copolymer. 

ASA 

Glycolube® (Series) 


Fatty esters, flow promotor, mold release 

(J-qIc-j tJjS-ij t'Laja).} 


agent. 

lJI jSI! 

Gore-Select® 


Microporous expanded PTFE membrane 

dlLaLai-aJ £_uo^a PXFE 


(ePTFE), ion conductive membrane. 

4 (ePTFE) 

Grafil® fibers 


Carbon fiber, 
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Grafoil® 



Flexible graphite. 


Grivory® HTV-4X2VO 


Poly(phthal amide), 6.6/6.T 

Jja) 

Grivory® HTVS-3X2VO 


Poly(phthal amide), 6.6/6.T 7 

(juJ Jtia) 

H-2™ 


Mixture of ethylenediamine and methyl 



isobutyl ketone ketimine (curing agent). 


Hakkol FWA-SF 


Triazinylaminostilbene fluorescent 
brightening agent, 

^ jjla cJ-alc- QlASlu! jiiJ (Jjijjl 

HB® -40 


Hydrogenated terphenyl, 


HERACRON® 


Aramid, 

JJxal jl 

HiFill® PPS 


Poly(phenylene sulfide). 


Flighlink® (Series) 


Colloidal silica sols, 

lSj^ 

Hiloy® PPS 


Poly(phenylene sulfide), 


Flipertuf® 


Poly(ethylene naphthalate) for drinking 
bottles, 

jjj! ja] [ i jA±u)f\ ^ jj 


Hyear® (Series) 


Amine-terminated butadiene-acrylonitrile. 


‘die Jjjlj 


Hydlar® 


Aramid, 


jl 
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Hytrel® 



Poly(ester) elastomer. 


Hytrin® 


Cardiovascular preparation. 

4 4a C-jVI J) ' ' ^^" l| 

Igetabond® 


Epoxy functional poly(olefin). 


Imidex® 


Poly(imide), 

(^4) As 

Irgacure® 369 


2-Benzy 1-2-dimethy lamino- 1 -(4- 

jii] -4)-l- l^Jp^-2 


morpholinophenyl)butanone- 1 , 

1- Jaii 

Irgacure® 184 


1 -Hydroxycyclohexylphenylketone (photo 



initiator), 



Irgacure® 907 


2-Methyl- l-[4-(methylthio)phenyl]-2-(4- 

( jjj (JjiLa)-4]-l- (JAl«-2 

morpholinyl)- 1 -propanone (photo 

ls± U) <J-pWjj4-l-( JjjJ J^iia 

initiator), 

( 


Irganox® 1010 


Pentaerythritol tetrakis(3-(3,5-di-terf- 
butyl-4-hydroxyphenyl)propionate), 
phenolic antioxidant. 


jjj (JjjjjjjjI tiL 
(jJ a ~ l ' l . >. „ 


Irganox® 1076 


Octadecyl-3-(3',5'-di-tert-butyl-4'- 

- 4- -'5‘'3)-3- 

hydroxyphenyl) propionate, 

Clilj 


Irganox® 1098 


N,N'-hexamethylenebis(3,5-di-tert-butyl-4- -^jjj-^lii-5‘3) oW y uAh 1 N‘N 

hydroxyhydrocinnamamide), -4- 

Isonate® 


Isocyanate based formulation for foams, 


dlljljjal jjjjfl a AC. la ^ V- dlLjjC.^}!] 4 .tit 
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Ixef® 



Aramid, 

4jla\ jl 

Jeffamine® (Series) 


Amine capped polyalkoxylene glycol. 


Kaladex® 


Polyfethylene naphthalate) films. 


Kapton® 


Poly(imide), 

(^4) 

Kerimid® 


Poly(imide), 

(^4) 

Ketaspire™ 


Poly(ether ether ketone), 

(uj^ A 1 M) iJjt 

Ketjenblack® 


Conductive carbon black. 


Ketron® 


PEEK, Poly(ether ether ketone). 

(uj^ A 1 M) iJji 

Kevlar® 


Aramid, 


Klebosol® 


Silica sol. 


Konduit* PPS 


Poly(phenylene sulfide). 

(^joLmall JaaLoi) ^ jj 

Kraton® 


Styrenic block copolymer. 

jjIuj cuSUall ^gJl^ jUui juul 

Krytox® 


Fluorinated oil, 

jjLLg Cluj 

Kynar® 


Poly(vinylidene fluoride). 

Jijjjlaj ^ jj 
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Laramid® 



Poly(phthalamide), 

( 4 ^ J3s) Jjj 

Laromer® LR 8739 


Urethane acrylate monomer. 

jlfjjjjj 

Larpeek 


Poly(ether ether ketone), 

(uj^ A 1 M) iJji 

Laxtar™ 


Liquid crystalline polymer. 

AAj\_uJ d)l X A 

Lenzing® P84 


Benzophenone tetracarboxylic 
dianhydride-MDI-2,4-TDI copolymer, 
poly(imide), 

j* i TDI-4‘2-MDI- ^ 

Leomin® AN 


Oleyl phosphonate lubricant, textile 

4^.1 li^ali ^C-Lobd tdjlj Julj! (3^3^ 


auxiliary. 


Lexan® 


Poly(carbonate), 

(CjLjjjS ) 

Lindol® XP Plus 


Tricresyl phosphate. 

dlliuJ j2 (Jj 

Lotader® 


Epoxy functional poly(olefin). Adhesive, 


Loxiol® G40 


Fatty acid isoalcohol ester. 

(J jjjj 

LP-2™ 


Poly(sulfide), 


Lubri-Tech™ PPS 


Poly(phenylene sulfide). 

({JaLmall JaiLuj^ ^ jj 

Lubriblend® PPS 


Poly(phenylene sulfide). 

((jj\jn4li JuaLai) ^ jj 
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Lubricomp* PPS 



Poly(phenylene sulfide). 

((jAmall JaaLoi) ^ jj 

Lubrilon® PPS 


Poly(phenylene sulfide). 

(^joLmall JaaLoi) ^ jj 

Lucalen® A 3710 MX 


Copolymer of LDPE and 7% acrylic acid. 

%7 J LDPE (j-a i 

Ludox® (series) 


Silicon colloid. 


Lupersol® 256 


2,5-Dimethyl-2,5-bis(2- 

Jjjjl JjjjJ -2) (jiaj-5‘2- JAi* ^Ijj-5‘2 


ethylhexanoylperoxy)hexane. 

U 1 ^ ( J 

Lupolen® (Series) 


Poly(ethylene), 

(u^]) tAs) 

Lupranat® (Series) 


Isocyanate based formulations. 

CljljLujJ i l - 2)1 A AJJj 

Luran® 


SAN copolymer. 

SAN ^ 

Luvican® 


Poly(vinyl carbazole), 


Luxprint® 7144 


Carbon conductor ink, 

JaL 

Luxprint® 7145L 


Silver conductor ink, 

tA^a JaL 

Luxprint® 7151 


Electroluminescent phosphor paste, 


Luxprint® 7153E 


Barium titanate paste. 

^ jJjLlI dlUljJJ ,jj-vx,a 
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Lynite® 



Poly(ethylene terephthalate). 

((jJjjjVI CjVtia 

Makrolon® 


Poly(earbonate), 


Mark 21 12 


Tris(2,4-di-tert-butyl phenyl) phosphite. 

duiuj j3 (J. jjji -lujj-^Iu-4‘2) 

Matrimid® 


Poly(imide), 


Melapur® 200 


Melamine poly(phosphate) (flame 
retardant), 

( C . \ ) ( **— ^ Jj 

Meldin® 


Poly(imide), 


Melinar® Laserplus 


Poly(ethylene terephthalate) (PET), bottle 
grade, 

jjj! jail ,(PET) ( jj ) Jjj 

Merlon® 


Poly(carbonate), 

(CjUjjjS) Jjj 

Mictron® 


Aramid, 

JoaI jl 

Mindel® PES 


Poly(arylene ether sulfone), 

( u jjj] jjL ji ) J jj 

Mobiltherm® (Series) 


Heat transfer oil. 

(Jaj Cluj 

Multiposit® XP-9500 


Thermoset epoxy resin, 

£CJj|j 

Mylar® (Series) 


Poly(ethylene terephtalate), 

^ uUjV 1 ^ Jjj 

Nafion® 


Sulfonated PTFE, for membrane 
applications, 

AAjoiC- VI t“ 4 Q ' ' T^alui-0 PTFE 
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Nafion® 1 100 EW 



Sulfonated PTFE, Nafion membrane, of 
equivalent weight (EW) of 1 100, 

1 100 UJJi PTFE 

Nalco® 2327 


Silica hydrosol, 

l£oLiui 

Naugard® 445 


4,4di(a ,a -Dimethyl- 

Jjjja Jjjjj- JA?- 0 L ^L-a i a) ^lu'4‘4 


benzyl)diphenylamine, 


Neoflex® 


Poly(imide), 

( diVtiajj) Jjj 

Neosepta® 


Perfluorinated ion exchange membranes, 


Niax® A-33 


Amine catalyst, 


Niax® L-620 


Silicone emulsifiyer, for flexible 



poly(urethane) foam. 

U J* ( Lpi J Ji ) ijjt 

Niax® L-6900 


Surfactant, 

jjjj lM-c- 

Nirez® 2150/7042 


Terpene phenol flow modifier. 


Nomex® 


m-Aramid, 

j -m 

Nopla® 


Poly(ethylene naphthalate)-Poly(ethylene 
terephthalate), 


Noryl* PPS+PPE 


Poly(phenylene sulfide). 

((jaLmill ^ jj 

Norylux™ PPO 


Poly(phenylene ether). 

J4) 
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Noryl® 



PPE PS Blend, 

(uu£“) J“j) Jjj 

Novaccurate® 


Liquid crystalline polymer. 

aAj\-ui di! jjL x a ^ j 

Novolen® 1100 


Isotactic poly(propylene), 


Novolen® 2500 HX 


Propylene/ethylene block copolymer, 10% 

i (j j Uri]\ (joLu 


ethylene, 

%10 

Novolen® 3200 HX 


Propylene/ethylene block copolymer, 2.5% 



ethylene, 

%2.5 

Octa® 


Chemicals, 

dlLljLad 

OLEOPHOBOL® (Series) 


Fluoroacrylate polymer. Oil and water 
repellent, 

c-Lall j Cdjjll d\i 

Onlymide® 


Poly(imide), 

(^]) 

OP-PEI...GF 


Poly(imide), 

(■^j) ijj* 

Optomer® AL1254 


Poly(imide), 

(■^j) 

Oxalon® 


Poly(oxadiazole) fibers, 


PACM™ 20 


Bis(4-aminocyclohexyl)methane, 

jUn* ( ^IiaI -4) 

PAPI® (Series) 


Isocyanate, 

diljU^ j jjl 
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Paraloid® 



Acrylate rubber, impact modifier, 

JaLLua 

Parylene C 


Chlorinated Parylene type, 


Parylene D 


Dichlorinated Parylene type. 


Parylene HT 


Fluorinated Parylene type. 


Parylene N 


Standard Parylene polymer. 


PCTA Durastar 1000 


Copolyester based on 65 mol % 
terephthalic acid, 35 mol % isophthalic 
acid and CHDM, 

CHDM j j jj) Ujj %35 j 

PDBS® 80 


Poly(dibromostyrene), 


Pebax 


Poly(amide imide), 

(.IiajI jj 

PEEK-OPTIMA® 


Granular Poly(ether ether ketone), 

(uj^ J4 -M) tAs) 

PenTec® 


Poly(ethylene naphthalate) fiber. 

jA±u)[\ diVtiij *— 

Pentex® 


Modified Poly(ethylene naphthalate) fiber. 

ClaVtlij jj (j* Ja*-g L_aj] 

PEN™ 


Poly(arylene ether nitrile). 

( Jj A jjj] jjh J ) As) 

Perspex® CP63 


Acryl glass, 

AA 

PETG 6736 


Copolyester based on terephthalic acid and 
EG and CHDM, 

CHDM j 
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Photomer™ 6210 



Urethane acrylate oligomer, rheology 



modifier resin, 

La. jl 

Pluronic® (Series) 


Ethylene oxide/propylene oxide block 



copolymer, defoamers, 


PMC EP PX1000 


Poly(phenylene ether). 

J4) Jjj 

Polectron® 


Poly(vinyl carbazole), 


Policarb™ 


Poly(vinyl carbazole), 


Polycat® (Series) 


Amine based catalysts, 

^jjLuI ^ic- Clll 

Polycoustic® 


Poly(imide), 

(^]) Jji 

Polymeg® 


Polyrictramethylenc glycol). 

(JjSJc tAs) 

Polymist® (Series) 


Poly (tetrafluoroe thy lene) lubricant 
powders, 

(jJjjJ jjjla ^rij) Jji) 

Poly ox® 301 


Poly(ethylene oxide), 

(jJauVI JjJ 

PolyTHF® CD 


THF copolymers, 

<£j!LaUJ THF 

Porewick® 


Wetting fluid. 

£jLj 

Primacor® 1410 XT 


Ethylene acrylic acid copolymer with 10% 

i jjLjjj liljLaui 


acrylic acid. 

s. % 1 0 
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Primef® PPS 



Poly(phenylene sulfide). 


Primene® 


Primary aliphatic amines with highly 

4-illc. 4 A&1\ £-0 4j]jl Ajjlidll fil \\A 


branched alkyl chains. 

L-AX-iaull 

Primene® MD 


1 ,8-Diamino-p-menthane, 

^11^1 

Primospire 


Benzoyl-substituted Parylene type, 

(JAjJjouj 

PRL PEI-G. . 


Poly(imide), 


PRL PPX 


Poly( phenylcne ether). 


Proscar® 


Medicinal preparation for treatment of the 
prostate gland, 

blc. JU^IV 

Pyralin® 


Poly(imide), 


Pyre® ML 


Pyromellitic dianhydride/4,4-oxydianiline 

^Uj jl -'44 \4mlu > jjjj 


poly(imide). 

(^4) (Jjj U!^' 

Pyrocheck® 68 PB 


Brominated poly(styrene), 


Pyrocoat® 


Poly(imide), 


Pyropel® 


Polyfamide imide). 

(.llAjj Jj 

QR Resin QR-4000 


Polyfphenylene ether). 

(uAu*" J4)u4j? 
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Radel® A 



Poly(ether sulfone), 


Radel® R 


Poly(biphenyl sulfone), 

( jjaLi 

ReoPro® 


Glycoprotein Ilb/IIIa inhibitor, 

Ilb/IIIa Lula 

Rexflex® Will 


Poly(olefin), flexible. 

UJ* ‘ ( jAj' ) Ax 

Rilsan® B MNO PA 12, 


PA 12, 

PA 12 i ( jjJ) Atf 

Rodran® 


Liquid crystalline polymer. 

A 1 ** '1 \ j s 

RTP Compounds ESD 


Poly(arylene ether sulfone), 

(jA“ JA jJjjl) 

RTP PPS (Series) 


Poly(phenylene sulfide), 


Rubinate® (Series) 


Isocyanate, 

CjUIu* j JjI 

Rusar® 


Aramid, 

JoaI jl 

Ryton® (Series) 


Poly(phenylene sulfide), 

((joLbill Aiaiuo^^gJ jj 

Sandostab® 4020 


Pentaerythritol tetrakis(3- 
laurylthiopropionate). 


Sandostab® -P-EPQ 


Tetrakis(2,4-di-fert-butyl phenyl)-4,4,- 

-4‘4-( jjj 


biphenylene diphosphonite. 

CLiujixjijh (jAiiiajj 

Santowax® R 


Mixed terphenyls. 


S apron™ S 


SMA copolymer. 

SMA til 
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Schulatec® PPS 



Poly(phenylene sulfide). 


Selar® PA3426 


PA 6 T/I Poly(amide), 

PA 6 T/I (^«i) 

Sepharose® CL 


Crosslinked poly(saccharide), 

1 \ ^ < i \ .*li r, ^ ^ i ^ ^ \ 

Septon® 


Hydrogenated styrenic block copolymer. 

L5 ij jiLoj l t l3lan\l ciljluui 

Shieldex® C 303 


Ca ion-exchanged silica, anticorrosion 

l^_l9 <J.l±LaUJ 


pigment. 


Silicone KF351A 


Poly(dimethyl siloxane) surfactant. 

jJjJ ^ ( (jLai£ 

Siltem® STM 1500 


Poly(ether imide). 


Sintimid™ 


Poly(amide imide), 

(iAAjl Jj 

Siveras™ 


Liquid crystalline polymer. 

A \‘l , i ** '1 \ a ^ s 

Skypet® PEN 


Poly(ethylene naphthalate), 


Sniamid® ASN 32 


Poly(amide), 

(^) iJji. 

Solef® 


Poly(vinylidene fluoride). 


Solimide® 


Poly(imide), 


Solprene® 


Styrenic block copolymer. 

jiLai t_Jil*all til jUu i 

Solventnaphtha™ 


Aromatic Hydrocarbon solvent, 

jhc. L_ IjJLQ 
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Solvesso® 



Higher aromatic solvent mixtures. 


Stanyl® KS 200 


Low molecular weight PA 4.6, 

<3^3^ uj^ PA 4.6 

Stanyl® KS 300 


Medium molecular weight PA 4.6. 

<^3^ uj^ PA 4.6 

Stat-Kon* PPS 


Poly(phenylene sulfide). 


Statiblend® PPS 


Poly(phenylene sulfide). 


Stilan® 230 


Poly(etherketone), 

(oj*£ 

Styvex 


Poly(phenylene ether). 

(u.4ApII J4) JjiJ 

Sulfan® B 


Sulfur trioxide, 


Sulfron® 


Aramid, 

Jxal jl 

Sumikaexcel® 


Poly(arylene ether sulfone), 


Sumikasuper® 


Liquid crystalline polymer. 

A \‘t , 1 ** '1 \ /\ ^ < 

Sumiploy® 


Poly(arylene ether sulfone), 

( jjiU jpjj u4jj!)A*i 

Supec® 


Poly(phenylene sulfide). 


Surlyn® 


Ionomer resin. 

is j 

Sylgard® 184 


Silicone elastomer, 

3j^jb * *' 
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T-4 



Poly(phenylene sulfide). 


Taronyl 


Poly(phenylene ether). 


Taxol® 


Antiproliferative preparation, 

1 ^LaujV ^ 

Tecapei® 


Poly(imide), 


Technora® 


Aramid, 


Tedur® 


Poly(phenylene sulfide). 


Teflon® 


Tetrafluoroethylene polymer, 

(JaLIjVI jjjia Jt 

Teflon® AF 1600 


Amorphous copolymers of perfluoro-2,2- 

Cy* ^^'dLa dil 


dimethyl-l,3-dioxole with 

J jxA jj^-34- JAh* ls-^ -2‘2- 


tetrafluoroethylene, 



Teflon® AF 2400 


Amorphous copolymers of perfluoro-2,2- 


dimethyl-l,3-dioxole with 

J jd-3‘1- -2*2- 

tetrafluoroethylene, 



Tegoglide™ 410 


Poly(siloxane) surfactant. 


( jp yi jjll 


Tegowet™ 


Poly(siloxane)-poly(ester) copolymer 

(j-a ^ ~v lajoili cil^Laui l<a il 

surfactant, 

( JM) 
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TEGO® RAD 2100 



Poly(siloxane), acrylic. Radically 

Jjli Jjaj) 4 tiliL & ( (jL jIlu j ) ^ jj 


crosslinkable flow and wetting additive, 

dlliLjal J tluji*. 

Teijinconex® 


Aramid, 


Tempalux® HI 


Poly(imide), 


Tenax® 


Carbon flber, 


Teonex® 


Biaxially Poly(ethylene naphthalate) film, 

(j-a a\\ e-LuC. 

Terathane® 


Poly(tetramethyleneoxide glycol) 

( jl j ) jj 


(PTMEG), 

(PTMEG) 

Teric® (Series) 


Poly(ethylene glycol) mono(nonylphenyl) 
ether. 

jjjI ( Juba cin jj ) (_£-^l ( ^ jj 

Therma-Tech™ PPS 


Poly(phenylene sulfide). 


Thermatex® 


Aramid, 


Thermid® 


PETI type Poly(imide), 

PETI £ _>j o* 

Therminol® 66 


Partially hydrogenated terphenyls. 

Ljj*. du^Lmajj 

Therminol® 75 


Mixed terphenyls and quaterphenyls, 

c-tM jx 

Thermocarb® 


Graphite flber. 

dual jc. cJul 

Thermocomp 


Poly(phenylene ether). 
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Thermocomp* PPS 



Poly(phenylene sulfide). 


Thermocomp® 


Poly(arylene ether sulfone), 

(ijj^ J4 

Thermotuf* PPS 


Poly(phenylene sulfide). 


Tinuvin® 144 


Bis( 1 ,2,2,6, 6-pentamethyl-4-piperidinyl) 

( JaLaj - 4- Jm-* L5 -A-<d.-6‘6t2<2cl) 


butyl(3 ,5 -di-rert-butyl-4-hydroxy- 

-4- dijj - ^Ijj-5‘3) lS^^ 1 


benzyl)malonate, UV absorber, 

UV 4jtjail (^j-aLa JjJL 

Tinuvin® 234 


2-(2-hydroxy-3,5-di-a -cumylphenyl)-2H- 

^ljj-5‘3- jjJja -2)-2 


benzotri azole. 

Jj jL; jj j jjj -2H-( Jjjj2 


Tinuvin® 326 


2-(2 -Hydroxy-3 -tert- butyl-5 - 

i^LUA-'5- Jj iijj- dj -2)-2 

methylphenyl)-5-chlorobenzotriazole, UV 

AjcjjAU (j-aLa c -5-( 

absorber, 


4 


Tinuvin® P, 


2-(2 -Hydroxy-5 - 

methylphenyl)benzotriazole, UV absorber, 
322 Titan® Liquid crystalline polymer, 

( Jdjfl JAu-^- -2)-2 

AaauoiiijJl (jj9 4 juol)U ^j-a La t 

Tone® (Series) 


Polyols, 

3 

Torayca® 


Carbon fiber, 


Toray® 


Poly(imide), 

(^4) Jj* 

Toreca™ 


Carbon fiber, 


Torelina® 


Poly(phenylene sulfide). 
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Torlon® (Series) 



Poly(amide imide), 


Trogamid® T 


PA from terephthalic acid, 2,2,4- 

(JAw j MrA ij-o PA 


trimethylhexamethylenediamine and 2,4,4- 

(JAj-a -4*4*2 j 


trimethylhexamethylenediamine. 

ijxal ijAxXlA 

Tronox® R-KB-2 


Alumina silica treated, rutile titanium 

^ J-uljJJ (Jjj jj 


dioxide, pigment, 

^1. 4 liLjluji 

Tuftec® (Series) 


Styrenic block copolymer. 


Twaron® 


Aramid, 

jl 

Tyneloy® 


Poly(phenylene ether). 

J4) 

Tyzor® TPT 


Titanium tetraisopropoxide 



(tetraisopropyltitanate), catalyst. 

J)i=^o 4 ( (Jjjj JJJ jjj 

Ucarsol® 


Amine mixture. 

U^' £0“ 

Udel® Polysulfone 


Poly(bisphenol A sulfone). 


Ultem® (Series) 


Poly(imide), thermoplastic, 


Ultem® 6050 


Poly(ether imidesulfone), 

^ AiAij ^ jj 

Ultramid® (Series) 


Poly(amide), 
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Ultrapek® 


Poly(arylene ether ketone). 


( M u&J ) 


Ultrapek® KR 4176 


4,4'-Diphenoxybenzophenone- 


terephthaloyl chloride copolymer. 



Unilink® (Series) 


Aromatic secondary diamines, 


Ur- CjLjLjj 


Unitem 


Poly(imide), 




Upilex® 


Poly(imide), 


(■^) iAs? 


Upimol® 


Poly(imide), 




Uralac® P 1460 


Polyester polyol. 


a >-j 'jj 


UTTAP SF 50030 GF 


Liquid crystalline polymer, 




Uvinul® D-50 


2,2',4,4'-Tetrahydroxy benzophenone, UV 

(j-a La ~'4 i 4 6 '2‘2 

absorber, 

UV 


Valox® 315 



Poly(butylene terephthalate). 

( jjLjjJI diVLijj 

Vecstar® 


Liquid crystalline polymer. 

A \‘l , ,i 1 ** '1 

Vector® 


Styrenic block copolymer. 

jjIuj tiljluLa 
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Vectran® 



Liquid crystalline polymer. 

AAjLjoI t ** '1 ^ X A ^ j 

Vectra® (Series) 


Liquid Crystal Polymer, composed from 
mainly 4-hydroxybenzoic acid or 6- 
hydroxy-2-naphthoic acid, further, 
depending on type: p-acetaminophenol, 
terephthalic acid, and biphenol. 

A joU 4AjI_uj 

( jl -4 

* ^ i -2- -6 



(_J j'nS.t.ij (J -p 

Versalink® (Series) 


Amine terminated poly-THF and PPO for 

Cilajjlj -LA PPOj <ji*L 4jiaTHF- Jjj 


PU resins. 

PU 

Verton* PPS 


Poly(phenylene sulfide). 


Vespel® 


Poly(imide), thermosetting, 


Vestakeep® 


Poly(ether ether ketone). 

(uJ±£ J4 

Vestamid® 


Poly(amide), 

(^4 ) (Jj? 

Vestenamer® 8012 


Poly(octenylene), 


Vestoran 


Poly(phenylene ether). 

J4) tAsC 

Victrex® 38 1G 


Poly(etheretherketone) ), cable coating 

JJj] jJ 

Victrex® PEEK (Series) 


Poly(etheretherketone), 

(uj^ J4 A') iJj? 

Victrex® PEEK 450 


Poly(oxy- 1 ,4-phenyleneoxy- 1 ,4- 
phenylenecarbonyl- 1 ,4-phenylene), poly- 
(etheretherketone). 

(jjima-4‘1- jJjiia-4‘1- Jjj 

(tjjJjS jjjI t(jjjhn^-4‘l- 
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Victrex® PEK 



Poly(oxy- 1 ,4-phenylenecarbonyl- 1 ,4- 
phenylene). 

(jjiiii2-4‘l- jJjii-4‘1- Jjj 

Victrex® PES (Series) 


Poly(aryl ethersulfone), 


Vircol® 82 


Flame retardant. 


Vulcan® XC72 


Carbon black, 


Vylomax® 


Poly(amide imide), 


Westlake PES 


Poly(arylene ether sulfone), 

J4 a^J)tAa) 

Xtel® PPS 


Poly(phenylene sulfide). 

((jjlmall jj 

Xydar® 


Liquid crystalline polymer. 

A , ,i i ** '1 ' y \ a < 

Xyron® 


Poly(phenylene ether). 

(atbip" J4) ls^-% 

Xyron® PPS+PPE 


Poly(phenylene sulfide). 

((JaLmflll JuiLai^ jj 

Zenite® 


Liquid crystalline polymer. 

AAjLkil 1 ** '' J^L X A ^ J 

Zoltek® HT 


Carbon fiber, 
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Zonyl® 7950 


Fluorinated surfactant. 


Zonyl® FSO 100 

Ethoxylated nonionic fluorosurfactant, 


Zytel® 

Poly (amide). 

) (Jjj 


640 






dil jtuflikV! (j-u. ij^2 

a 

TPT 



2,5-Bis-(2-thienyl- 1 -cyanovinyl )- 1 -(2- 

JjjjJ - 2 )- 1 -( - 1 - -2)- (j-uj -5 ‘2 


ethylhexyloxy)-4-methoxybenzene. 


(3-TPT 


2,5-Bis-(2-thienyl-2-cyanovinyl)-l-(2- 

JAjJ - 2 )- 1 -( -2- -2)- -5 ‘2 


ethylhexyloxy)-4-methoxybenzene, 

-4-( 

2,6-NDA 


2,6-Naphthalenedicarboxylic acid. 

j-lj£ ^lii ^Uij-6‘2 

3GN 


Poly( 1 ,3-propylene 2,6-naphthalate), 

( iiAAjij-6‘2 u4^jjj-3‘1) Jjj 

4,4-BPDA 


3,3 ,4,4 -Biphenyl dianhydride. 


4,4-BTDA 


3,3 ,4,4- Benzophenone dianhydride. 


4,4-ODPA 


3,3 ,4,4-Oxydiphthalic anhydride. 

tiLlliia J -4‘4‘3‘3 404^ 

7-DCST 


2-(4-Azepan- 1 -yl-benzylidene)- 
malononitrile. 

Jj jii ijj jlLa -( jjjjJj jjj - Jjj - 1 - jjlij jl -4)-2 

AA 


Acrylic acid. 


AAG 


2-Acrylamido glycolic acid. 

jAl^l JjjSI -2 

ABS 


Acrylonitrile-butadiene-styrene, 


ADC 


Azodic arbonamide, 

jj' 

ADMET 


Acyclic diene metathesis, 

4 \l 4ial_Lo 
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ADMVN 



2,2'-Azobis-(2,4-dimethylvaleronitrile), 

( Jjjjj jjllS (^jlii-4‘2)- Lwj jl -'2*2 

AF-50 


N,N-Diphenyl-7-(2-(4-pyridinyl)-ethenyl)- 

9,9-di-w-decyl-9H-fluorene-2-amine, 

-( -4)-2)-7- ^Uu-N'N 

^jjj^la-9H- ^lii-9‘9- <J4^j 

tj±J\ -2- 

AFM 


Atomic force microscopy. 


AIBN 


2,2'-Azobisisobutyronitrile, 

Jjjii jjjjjj jjj] jjl -'2 *2 

Alq3 


Tris-(8-hydroxyquinoline)-aluminum, 

f jdJ -( -8)“ 

ASE 


Amplified spontaneous emission. 

^A.d.^1 

BEB 


Ethylene dibenzoate, 

(jA±u)}\ dil jjL 

BEN 


1 -Benzoate 2-naphthoate ethylene. 

dl jlliij-2- dl 

BHCA 


Bis-(hydroxymethylcyclohexane)-arylate, 

d!>Ljl -( ^jL^ll j.liA )- 

BHEA 


2,6-Bis-(hydroxyethyl larylate. 

d!>Ljl ( )- ^j-uj-6‘2 

BisCzPro 


1,3-Biscarbazolyl propane. 

jLjjj JJjjljjlS ^jjjj-3‘1 

BOZ 


2,2'-Bis-( 1.3-oxazoline), 

( -34)- cj^ - 2^2 

BP 


4,4-Biphenol. 

- 4 ‘4 

BPD 


2-fer/- Butyl phenyl -5-biphenyl- 1,3,4- 

-4‘3‘1- Jj nin -5- Jij Jt~ djj-2 


oxadi azole. 

(Jj j\j^Luj£jl 
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BTDA-DATA 



Poly(3,3',4,4'-benzophenone 



tetracarboxylic dianhydride-3, 5-diamino- 

-4‘2‘1-jiwl ^lu-5‘3- 


l,2,4triazole), 

( J j jIjjj 

C120-PPP 


Poly(2-dodecyl-p-phenylene), 

( (J\\\ \\°i ~ IjU- J Jj 

CA 


Citraconic anhydride, 

tillj jIujJI 

CBTA 


Benzotriazole, 


CHDM 


1 ,4-Cyclohexanedimethanol, 

(Jjjljj-a -4 i 1 

CHO 


Cyclohexene oxide. 

Aux&j] 

CPDHFPV 


Poly(9,9'-dihexylfluorene-2,7-divinylene- 

^ltu-7‘2- t ^j'-“- , 9‘9) 


m-phenylene vinylene-stat-p-phenylene 

-p- itat- jJjjja (jJojji -m- jJjia 


vinylene), 

( 

CTA 


Chain transfer agent. 

aULojII ijUjjjl 

CVD 


Chemical vapor deposition, 


DAPI 


6- Amino- 1 -(4 -aminopheny 1 )- 1,3,3- 

Jiu* t p!>lj-3‘3‘l-( Jjjjs jjioi -4)-l- -6 


trimethylindane. 

jl-ijj) 


DBA 



3,5-Diaminobenzoic acid. 


DCM 


4-(Dicyanomethylene)-2-methyl-6-(4- 

-4)-6- Jm- 0 -2-( cjArn^ jjLujo )-4 


dimethylamino-styryl)-4H-pyran, 


DMAC 


Dimethylacetamide, 

■iLallball (JAia 
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DMF 



N,N-Dimethylformamide, 

jajjs JAi* ^Uj-NcN 

DMNPAA 


2,5-Dimethyl-4-(p-nitrophenylazo)anisole, 

(JjjaUjI ( J jl 

DMOS-PPV 


Poly(2-dimethyloctylsilyl)-phenylene 

vinylene. 

(joLija -( JAixu -2) J 

DMSO 


Dimethyl sulfoxide. 

(JAi* 

DMT 


Dimethyl terephthalate. 

ciiVtiajj cJAia 

DNA 


Deoxyribonucleic acid. 


DR-1 


Disperse Red 1, 

y 1 ciiLoud! 

DSC 


Differential scanning calorimetry. 


DyC-82 


Dysprosium fulleride. 


E3VC 


N-Ethyl-3-vinylcarbazole, 

Jms-3- JjluI -N 

ECZ 


N-Ethylcarbazole, 

J j jlj JAjJ -N 

EL 


Electroluminescence, 

(i&> 

ENB 


Ethylidene norbornene, 

u4 jjtjy 

EPDM 


Ethylene propylene diene monomer, 

jjjjj qAiijji qx LijVI j-o 
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ESIPT 



Intramolecular proton-transfer. 

C-L 5 

GC 


Gas chromatography, 

Ajjlc. Ual jc. jjU jj£ 

GF 


Glass fiber. 

j ‘-*4 

HALS 


Hindered amine light stabilizer, 

(jjlx-o jda d uLa 

HBA 


4-Hydroxybenzoic acid. 


HEMA 


2-Hydroxyethyl methacrylate. 

dj l>Lj jAiA -2 

HIPS 


High impact poly(styrene). 


HMD 


Hexamethylenediamine, 


HPA Heteropolyacid, 


Heteropolyacid. 


HC 

) 


Hydroquinone, 


IOL 


Intraocular lenses. 

J t->1 

IPA 


Isophthalic acid. 

dljltiS j jjVI 

IR 




Infrared, 

d i Vi 

ITO 


Indium tin oxide, 


IV 




Intrinsic viscosity. 


LC 


Liquid chromatography, 

AijLai Ual jC. jjU jj£ 
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LCD 



Liquid crystalline display. 


LCM 


Liquid composite molding. 

aAjLuaII 4_i^^a1I 44 ] 

LCP 


Liquid crystal polymer. 

AAjLui djj ^j^Ll X A 

LED 


Light-emitting diode, 


MA 


Methacrylic acid, 


MDI 


Diisocyanatodiphenyl methane. 

^jIjja (Jdia jjljLiuj j jjj 

MDMO-PPV, 


Poly(2-methoxy-5-(3',7'- 
dimethyloctyloxy)- 1 ,4-phenylene 
vinylene) 

JiiS jl JAj-a tJ jlja-'7‘'3)-5- Jjj 

( (jjliiu jjiiii-4‘l-( 

MEH-PPV 


Poly(2-methoxy-5-(2'-ethylhexyloxy )- 1 ,4- 
phenylene vinylene). 

cJAj] ■ 2)-5- jIia -2) 

MPD 


m-Phenylenediamine, 

qwI ^Lii (jjliua -m 

MTBE Methyl-ferf-butyl ether. 


Methyl-tert-butyl ether. 

cJjj jJ- di jj- .JjIia 

MXDA 


/w-Xylylenediamine, 

<jj4 tPLii t jJ4jjS-m 

NDC 


Dimethyl-2,6-naphthalene dicarboxylate. 

-6 4 2- cJAaa 

NEN 


Ethylene dinaphthoate. 

Qilniyi Clil jlaij 

NLO 


Nonlinear optical. 

4 t ^ i ^-» 4_ilx2k ^ 

NMP, 


N-Methyl-2-pyrrolidone, 

^jjdljjjij-2- cJAiA-N 
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NMR 



Nuclear magnetic-resonance spectroscopy, 

^ ^ jauJal TjjjJa]! A. xla^Q 

NOM 


Natural organic matter, 

4_ix_nia 4 oJ) La 

NPDA 


Neopentyldiamine, 


NVK 


N-Vinylcarbazole, 

JjjljjlS JaIu-N 

NVP 


N-Vinyl-2-pyrrolidone, 

(jjiJjjAj -2- 

ODA 


4,4'-Oxydi aniline. 

(jjlui (jilu jf -^‘4 

ODCA 


2,5-Bis-(4-carboxyphenyl)- 1 ,3,4- 



oxadiazole. 

(Jj 

ODPA-APB-8-AA 


Poly (4,4 -oxydiphthalic anhydride- 1,3- 

dUtia Sj! -'4‘4) Jjj 


aminophenoxybenzene-8-azaadenine). 

( (jjjjjl jl -8- jjjjj -3‘1- 

OXD 


Oxadi azole. 

(Jj 

P30 


Poly(2,6-diphenyl- 1 ,4-phenylene oxide). 

jAma-4‘1- -6‘2 

PA 



Poly(amide), 


PAE 


Poly(arylene ether). 

(J“! oAjji) ^ 

PAES 


Poly(arylene ether sulfone), 

(jj^ 1 J4 

PAI 


Poly(amide imide). 

(.llAjj Jj 

PANI 


Poly(aniline), 
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PAS 



Poly(arylene sulfide), 


PBD, 


2-(4-Biphenylyl)-5-(4-tert-butylphenyl)- 

Jjj jj- ciijj-4)-5-( 0M^-4)-2 


1,3,4-oxadiazole, 

cJj jLpLa£j! -4‘3‘l-( 

PBN 


Poly(butylene naphthalate). 


PBT 


Poly(butylene terephthalate). 


PC 


Poly(carbonate), 


PCB 


Printed circuit board. 

A C. j JUax ^ 

PECA 


Poly (ethylene- 1 ,4- 



cyclohexanedimethylene arylate). 

(cOjjl 

PECVD Plasma enhanced CVD, 


Plasma enhanced CVD, 

La 

PEDOT 


Poly(3,4-ethylenedioxythiophene), 

( o4Ai! -4‘3) 

PEE 


Poly(ether ester). 

( jH J4 ) Jji) 

PEEK 


Poly(ether ether ketone), 

( uj^ J4 M ) 

PEG 


Poly(ethylene glycol), 

( u4AjV' ) Jji) 

PEI 


Poly(ether imide). 

( J4 ) tAs) 

PEK 


Poly(ether ketone). 

(ui^ jy)sA^ 

PEN 


Poly(arylene ether nitrile). 

(Joii jy u4!j') Ajs? 
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PEN 



Poly(ethylene naphthalate), 


PENA 


4-( 1 -Phenylethynyl) 1 ,8-naphthalic 
anhydride, 

tiLlUiu -8 i 1 -( (Jji/nl - 1 )-4 

PEP 


Poly(ethylene-2,7-phenanthrate), 

( Cjljjil_ua-7‘2- ) Jjj 

PEPA 


4-(Phenylethynyl )- 1 ,2- 



benzenedicarboxylic acid anhydride. 


PEPC 


Poly(N-epoxypropyl)carbazole, 

( cJj -N)) JjiJ 

PES 


Poly(ethersulfone), 

(uj4“ J4) iJji 

PET 


Poly(ethylene terephthalate). 

( tjjLjjVI diVtiajj) Jjj 

PETI 


Phenylethynyl terminated imide. 

(Joiuj] (JjnS) AjlLq -Iiaj] 

PHDP 


Poly(l-hexyl-3,4-dimethyl-3,5- 

ujlS-4‘3- -1 ) Jjj 


pyrrolylene). 

( jJJjjjj-5‘3- 

PI 




Poly(imide), 


PL 


Photoluminescence, 


PMDA 


Pyromellitic dianhydride. 

tiH-mlLo j jjj 

PMMA 


Poly(methyl methacrylate), 


PNV 


Poly(l,5-naphthylene vinylene), 

( jjluja (jJtiij -5 ‘ 1 ) J jJ 

POD-DPE 


Poly(4,4'-diphenyl ether- 1 ,3,4-oxadiazole), 

-4‘3‘1- jljj Jjj 

( (Jj 

PODA 


Poly( 1 ,3,4-oxadiazole), 

( -4*3*1) 
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POF 



Poly(9,9-dioctylfluorene), 

( di&J ^Uj-9‘9) 

pp 




Poly(propylene), 


PPA 


Poly(phosphoric acid). 


PPA 


Poly(phthalamide), 

(jial (Jjj) J 

PPE 


Poly(phenylene ether). 

jy) 

PPESK 


Poly(phthalazinone ether sulfone ketone), 

( jijJ 

PPS 


Poly(phenylene sulfide). 

( (JjlmaH Jjjj ^ jj t ( ^ jJ 

PPSA 


Poly(l,4-phenylene sulfide- 1,4- 
phenyleneamine). 


PPSAA 


Poly(phenylene sulfide-phenyleneamine- 
phenyleneamine), 

( Qiljn 0 ! - q±a\ - Aiaiuo jAiha) jj 

PPSO 


Poly(p-phenylene sulfoxide). 

( .lijai£ ^iLoj qAxx^ - IjL) 

PPT 


Poly( pentylcne terephthalate), 

( (jjluiJI diVtiajj ) Jjj 

PPV 


Poly(p-phenylene vinylene). 

( - 1 jL? ) J jjj 

PPX 


Poly(p-xylylene ), 

( 'jW) tAa) 

PPY 


Poly(pyrrole), 

( Jjj* 1 ) lAsf 

PS 




Poly(styrene), 

( tAa) 

PSI 


Poly(arylene ether sulfide), 

(jjiL, ju jJjjl) 

PT 




Poly( 1 ,2,4-triazole), 

( c!jjljjj-4‘2‘l) 
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PTFE 



Poly(tetrafluoroethylene), 


PTK 


Poly(arylene thioether ketone). 

( J4,j£ CxkJ) iJji 

PTT 


Poly(trimethylene terephthalate). 

( jjljiuil CiYtiajj ) Jjj 

PU 


Poly(urethane), 

( lAu«) 

PVA 


Poly(vinyl alcohol), 


PVAc 


Poly(vinyl acetate), 

( (Jjjjlll dlliujl ) jj 

PVD 


Physical vapor deposition. 


PVK 


Poly(N-vinylcarbazole), 


PVP 


Poly(lV-vinyl-2-pyrrolidone), 

(uj-^jj^-2- J^-N ) 

PVPh 


Poly ( vinylphenol ), 


RAFT 


Reversible addition-fragmentation chain 

A_J^a«J A^LiJal Ja-oJ ^LoiLoill (JUijjl 


transfer. 


ROMP 


Ring opening metathesis polymerization, 

A ls\ *' a \ <\1 

SB 




Sodium benzoate. 


SG 

f 


Styrene/glycidyl methacrylate. 


SPAENK 


Sulfonated poly(arylene ether nitrile 
ketone). 

(qA£ J4, uAuOtAai 

SPPEKN 


Sulfonated polylphthalazinone ether 
ketone nitrile), 

(jftlnioll (cijjj JJjj 

TAZ 


3-(4-Biphenylyl)-4-phenyl-5-(4-fert- 

Jjjjj- C!jjj-4)-5- J;ili3-4-( JAmiu-4)-3 


butylphenyl)- 1 ,2,4-triazole, 

Jjjljjj-4‘2 4 l-( 
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TBBPL 



3,3',5,5'-Tetra-ferf-butyl biphenol. 


TEP 


Triethyl phosphate, 

(JjjjVI Clili-uj 

TFPX 


a , a , a',a ' - Te t ra 11 u oro-p- x y 1 y 1 c n e , 

oMjjS-p- ^Lj-a'a^opa 

THF 


T etrahydrofuran. 


TIP 


Thermally induced phase inversion. 


TMDQ 


Tetramethyldiphenyl quinone. 

JaiaS 

TMFA 


Trimellitic acid. 


TNF 


2,4,7-Trinitro-9-fluorenone, 

(jjjjjjl2-9- jjij (jjilj-7‘4‘2 

TNFDM (2,4,7-Trinitrofluorene-9-ylidene)-malononitrile, 


(2,4,7-Trinitrofluorene-9-ylidene)- 

-( -9- ^^j^-7‘4‘2) 


malononitrile. 

Jj jli jj jlU 

TPA 


Terephthalic acid. 


TPD 


N,N '-Bis-(3-methylphenyl)-N,N 

JaIjs ^LS-TShN-C Jjjja Jjjao- 3)- "^jiUj-'NiN 


diphenylbenzidine. 


UF 


Ultrafiltration, 
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p-Acetaminophenol. 


Acetic anhydride. 

tlllii-ul — e.La 

Acetonitrile, 

i_Jj JOJ Jjjatl 

4-Acetoxybenzoic acid, 


2-Acetoxy-5-vinylphenyl-benzotriazole, 

JjjLjj - 2 

Acetylacetone, 


Acetylene, 

<**< . .il 

Acrolein, 


2-Acryamido glycolic acid. 

\\ jAi-al — 2 

* cSLljSjc. — 2 

Acrylamide, 

Ai-al JjjS! 

2-Acrylamido-2- 

methylpropanesulfonate, 

dilj jk Lai (jlj dAi* -2- lJj - 2 

2- Acrylamido-2-methyl- 1 -propane 
sulfonic acid, 

(jU - 1 - (JAia -2- j-ll*! -2 

Acrylic acid. 

i.4 1 

Acrylonitrile-butadiene-styrene, 

jjj jjlwi - joj jL j£l 

Acryloyl chloride. 


5-Acryloyloxyethoxycarbonylmethyl-7- 
hydroxy- 1 ,2,4-triazolo[ 1 ,5-a]pyrimidine. 

<_5-uA jjj] (Jj jL -5 

— jlj jljjj-4‘2‘ 1- -7- dAi* 

Adipic acid. 

c4jn^l — ^jlxA^Sk 

N-Alkyloxadiazolium hydrosulfate. 

a Jjl j jLpLua^jl -N CllliLuij j.liA 

2-Allyl-6-methylphenol, 

Jjjji JAlo-6- JJI -2 

y-Alumina, 

111* j]| -y 

Aluminum chloride. 

^ jjIaIV 1 

Aluminum oxide. 

~ j 4 ^ Aiui£ 

Amidosulfonic acid, 
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5-Amino-2-(4-aminophenoxy)-pyridine, 

jjj -( -4)-2- -5 

6-Amino-l-(4'-aminophenyl)-l,3,3- 

trimethylindane. 

JAia ^^-30 4 1-( - 4)-l- -6 

3-Aminobenzoic acid, 

<illjJ)jj -3 

4-Aminobenzoic acid, 

-4 

3-Amino-2-cyclohexene- 1-one, 

<jjl -1- (jjju -3 

3-Amino-4-methylbenzoic acid, 

tiL -4- ^IiaI -3 

4-Amino-4'-nitrodiphenyl ether. 

J-iii 2 jjli -A- >4*1 - 4 jjj] 

Amino[2.2]paracyclophane, 

Ij1j[2.2] 

4-Aminophenol, 

(J^iiS^iiAl -4 

p-Aminophenol, 

J -p 

3-(3-Aminophenyl)-5-[3'-(4- 
aminophenoxy )phenyl] - 1 ,2,4-triazole, 

( -3)-3 

(JjjL;jj-4‘2‘l-[ Jjjja 

3-(3-Aminophenyl)-5-[3'-(4- 
aminophenylsulfonyllphenyl]- 1 ,2,4- 
triazole, 

( -4)- / 3]-5-( >^-4 -3)-3 

JjjLjj -4‘2‘l-[ 

y-Aminopropyltriethoxysilane, 

jjj] .>^-4 -y 

3- Amino- 1 ,2,4-triazole. 

Jj jljjj -4‘2‘ 1 - -3 

5-Aminotriazole, 

Jj -5 

co -Aminoundecanoic acid. 

j 'j -to 

5- Amino- 1 -vinyltetrazole. 

Jjjljjj JdjS-1- jhJ -5 

Amino-p-xylylene, 

jIiaI 

Ammonium carbonate. 

ja^I 

Ammonium metavanadate. 

^ jjj j-oV 1 CjI jUutLo 

Ammonium nitrate, 

^jAJjaVI dll JOJ 

Aniline hydrochloride, 

(jaluVI .IijjK jj-lfA 

Anthracene, 

(JJauI joj! 

Antimony pentachloride. 

(jj)Aj‘nV 1 dLljjK 

Antimony trioxide. 

jjAjVlVl jl 

Arsenic pentafluoride. 


8-Azaadenine, 

j' -8 

Azelaic acid. 


2-(4- Azepan- 1 -yl-benzylidene )- 
malononitrile. 

Jj jii i jj jlLa -( (jjjJj jjj - JJ - 1 - (jljj jl -4)-2 
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4-Azido-tetrafluorobenzoic acid, 

liLj jdll J.ll jl “4 

1 , 1 '-Azobis-( 1-acetoxy- 1 -phenylethane). 

(jl!dl (Joda-1- -1)- jl -\ ‘1 

4,4'-Azobis-(4-cyanopentanoic acid), 

( -4 )- ^njjjl - 4 ‘4 

2,2'-Azobis-(2-cyanopropanol ), 

( J jj\j jjLiuj -2)- - 7 2‘2 

2,2'-Azobis-(2,4-dimethylvaleronitrile), 

( Jjjjj (jjlS-4‘2)- ’(jjjjjjl - , 2«2 

2,2'-Azobis-2,4-dimethylvaleronitrile, 

Jjjjj ijjIIS JAi^ (jiUj -4‘2- 

2,2'-Azobisisobutyronitrile, 

Jjjjj jjJJjJ j jJ i_y ju j jl - , 2«2 

Azodicarbonamide , 

jjl 

Benzene arsonium fluoroborate. 

jjjjj diljjjjjjla 

Benzene- 1 ,4-bis-(phenylene vinylene). 

( tjjLijS jjluja -2)- (jjuj- 4‘1- jjjjj 

1,4-Benzenedicarboximidic acid 
dihydrazide. 

(jjljj aAiAUaS jjjS jjjjj -4‘1 

.li jl jAiA 

Benzene iodonium fluoroborate. 

^ajdj.ijJl jjjd dll JJJJJ jia 

4-Benzenesulfonylphenyl phenyl ether. 

jjjI jida j^da jyjd -4 

1 -Benzoate 2-naphthoate ethylene. 

jA LljVI dil jUaj-2 dil jjd-1 

Benzoic acid. 

tiLj jdll 

Benzonitrile, 

Uaj“jj^ 

Benzophenone, 


3,3',4,4'-Benzophenone dianhydride. 

jjj^jju-'dA'S'S Jjjjj$jl ^Uu 

3,3',4,4'-Benzophenone tetracarboxylic 
dianhydride. 

ijy&jjK-AAS'ii'S AjAm- 5 ' 

ciLLu £ji J, 

l-Benzothiazol-3-phenyl-pyrazoline, 

jjljjl jjj - Jas- 3- JjjLujjjj-1 

Benzotriazole, 

JjjljjJjjw 

5-(2H-Benzotriazole-2-yl)-2,2',4,4'- 

tetrahydroxybenzophenone. 

^bj -'4‘4i'2‘2-( JJ -2- Jjjb j5 ijjjj-2H)-5 

5-(2H-Benzotriazole-2-yl)-2,2',4- 

trihydroxy-4-acryloxybenzophenone. 

4/2‘2-( JJ -2- J j jlj jjj jjj -2H)-5 

JjjSI -4- 

3-Benzoyl-4-acetoxybenzoic acid. 

till J jd JOjujI -4- cJj J jd -3 

Benzoyl chloride, 

Jjj jdll 

Benzyl alcohol. 

Jjjjj Jj^S 

2-Benzyl-2-dimethylamino- 1-(4- 
morpholinophenyl)butanone- 1 , 

jdl -4)-l- jd-ol ^ljj-2- J^j^-2 

1 - j jj\j jj ( Jdd 
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Benzyl- 1 -pyrrolecarbodithioate. 

dl jjj jJjl£ Jjjjj-1- Jjjjj 

4,4'-Biphenol, 

J jnQjj -'44 

4-Biphenyl-4-allyloxybenzoate, 

dljJjj JJI -4- Jj -4 

4-Biphenylcarboxylic acid. 

( 4 <\ < . j ' JjaiSjj -4 

3,3',4,4-Biphenyl dianhydride. 

J/Ajj -'4‘4‘ 3‘3 

4,4'-Biphenylene, 

-'44 

Biphenyl-2, 3,3', 4'-tetracarboxylic 
dianhydride. 

-'4«'3‘3‘2- Jit.ii-'o 

■ 4 ^ ^ 

Biphenyl-3, 3',4,4'-tetracarboxylic 
dianhydride. 

jj- , 4‘4/3‘3- 

, 4 <1 \ . ,4 JJ 

Biphenyltetracarboxylic dianhydride, 

i > *i£ jjj£ Jinim 

2-(4-Biphenylyl)-5-(4-tert-butylphenyl)- 

1,3,4-oxadiazole, 

-4‘3‘l-( Jjjj 3 Jjj jj-djj-4)-5-( Jjt/nij i -4)-2 

J j 

3-(4-Biphenylyl)-4-phenyl-5-(4-tert- 
butylphenyl)- 1 ,2,4-triazole. 

Jjjjj- djj-4)-5- Jjjja-4-( Jjjjiu -4)-3 

Jjj\jjj-4‘2‘l-( Jd* 

Bis-(allyl ether) tetrabromobisphenol A, 

A J jid (_>a JJ ( j4j] 

1 ,4-Bis(4-aminophenoxy)benzene, 

jjjjj ( jiixil -4) -4‘ 1 

4,4'-Bis(4- 

aminophenoxy)benzophenone-3,3'- 
disulfonic acid. 

( -4) 44 

^Uj-^O- jjjja jJjj 

4,4'-Bis(4-aminophenoxy)biphenyl, 

Jjjjiu ( ^gjai^jjjjs A^ -4) (Jjjjj - r 4 ‘4 

4,4'-Bis-(p-aminophenoxy)diphenyl- 

1,3,4-thiadiazole, 

c? jIw( -p)- o^-4^4 

JjjLa^ljj-4‘3 4 1- J^A 

B i s [4- (p- aminophenoxy iphenoxy ] 
dimethylsilane, 

JAi* ^ljj[ cjJ oi£jjja( ^g^jjja- jlj-al -p)-4] ^j^jj 

2,2'-Bis[4-(4-amino-phenoxy) phenyl] 
hexafluoroisopropylidene, 

JjjjA AA -4)-4] 

ojdLjjjjjjj] jjjia 

l,3-Bis[5'-[3"-(p-aminophenoxy)- 

phenyl]-oxadiazol-2-yl]benzene. 

-[ Jjjja-( csJ o 1 £jjjaji^l -p)-*3]- 7 5] o^ _ 3‘l 
^jjjjjf Jjj -2- J ij jlpL4 jl 

2,2'-Bis(4-(4-aminophenoxy) 

phenyl)propane. 

-4)-4) (_>iuj- , 2‘2 

Bis(aminophenoxy phenyl)-sulfone. 

-( Jjjj^ A^ A^ ) L)^ 

Bis[4-(3-aminophenoxy)phenyl]sulfone, 

oA^t JaA A^ -3)-4] 
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N,N'-Bis(4-aminophenyl)-N ,N'- 
diphenyl- 1 ,4-phenylenediamine, 

jcJ -4) 

jxd -44- 

2,3-Bis(4-aminophenyloxyphenyl)- 
quinoxaline-6-carboxylic acid. 

jjll _( JjLa jii*l -4) -3‘2 

-6- 

1 ,5-Bis(3-aminophenyl)- 1 ,4-pentadien-3- 
one, 

ijjl -3- (jjjjjtuj -4‘l-( -3) 

1 , 1 -Bis(4-aminophenyl)- 1 -phenyl-2, 2,2- 
trifluoroethane, 

J5£-2‘2‘2- Jjjjjjiw! -4) 

cAs! 

2,3-Bis(4-aminophenyl)-quinoxaline-6- 
carboxylic acid, 

jIlgI -4) (JjjJJ-3‘2 

jjj£ -6- ji£-( 

Bis-(aminophenyl)-sulfone, 

-( (Jcjs jIj-gI ) - 

4,4'-Bis(4- 

aminophenylthio)benzophenone-3,3'- 
disulfonic acid. 

jjCa jjjj ( jjj jIa^I -4) 44 

Bis(3-aminopropyl)- 1 . 1 ,3,3- 
tetramethyldisiloxane. 

JAia ^Ijj-3‘3‘1‘1-( J^jjj jij-4 -3) 

jLui^ jLjjo 

4,4-Bis[(4-amino)thiophenyl] 

benzophenone, 

jjjjjajjjj [ jjjJ -4)] (_>jjj-4‘4 

2,2'-Bis(3-amino-4- 

toluyl)hexafluoropropane, 

jjjla L5 _ujIjluj( jj-4- -3) 

l,4-Bis(bromodifluoromethyl)benzene, 

jjjia JUii j-jjj)(jjjj-4‘1 

3,5-Bis-(tert-butyl)-phenol, 

Jjjja -( Jiijj- Ci jj)- (jiuj-5‘3 

l,3-Bis[(4-tert-butylphenyl)-l,3,4- 

oxadiazolyl]-phenylene. 

-4‘3‘l-( lSj-4* Jjj ji- Ci jj— 4)] ^j-uj-3‘1 

jjLlia -[ (Jj 

1,3-Biscarbazolyl propane. 

Chjji (j^-3‘1 

4,4'-Bis-((3-carboxyphenoxy)(p- 
benzoyl))-phenyl sulfone. 

-p)( gr^J*J^-3))- <j^-'44 

jjiLaj JCia -(( ckjJ^ 

l,4-Bis(4-carboxyphenoxy)naphthalene, 

(jjltiaj( jS -4) (jau-4‘1 

2,6-Bis(4-carboxyphenoxy)naphthalene, 

(jjltiaj( jjjS- 4) t>“-6‘2 

2,5-Bis-(4-carboxyphenyl)- 1,3,4- 
oxadiazole, 

CJ ^jjj£-4)- (j^-5‘2 

cJj jLpLu^j! -4‘3‘l-( 

Bis(4-carboxyphenyl)phenylphosphine 

oxide. 

jjiuj j3 cJjjjS ( jj j£ -4) jjjjj JliuCjI 

2,2-Bis[N-(4-carboxyphenyl)- 

phthalimidyl]hexafluoropropane. 

JUi-( JCia C5 j-£jjj£4)-N] (J^jj-2‘2 

jLjjj jjjla 
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l,4-Bis-(chloromethyl)-2-methoxy-5-(2'- 

ethylhexyloxy)benzene. 

lSAj) -/ 2)-5- jli-Q -2-( (j^-4‘1 

2,5-Bis-(chloromethyl)-l,3,4-oxadiazole, 

(Jj - 4‘3‘ l-( (jjaj-5‘2 

Bis-(4-chlorophenyl)-sulfone, 

j j -4)- 

Bis-(2,4-di-tert-butylphenyl)- 
pentaerythritol diphosphite. 

liL -( ^ljj-4‘2)- 

duLoi (J jJJ Jjjjj 

l,3-Bis(2,3-dicarboxyl-phenoxy)benzene 

dianhydride 

- ^lu-3‘2) (jjjj-3‘1 

a jj"( 

l,4-Bis(3,4-dicarboxyl-phenoxy)benzene 

dianhydride. 

- JjjoiSjjjS ^Uj- 4‘3) cW^ _ 4‘l 

4, 4'-Bis(3, 4-dicarboxyl phenoxyphenyl)- 
isopropylidene dianhydride. 

^Uj-4‘3) (j* u-4^4 

4,4'-Bis(2,3-dicarboxyphenoxy)diphenyl 
sulfone dianhydride. 

^Uj- 3‘2) o*aj-'4‘4 

4,4'-Bis(3,4-dicarboxyphenoxy)diphenyl 
sulfone dianhydride. 

^ljj-4‘3) oaj-^4‘4 

JaIas cr^^ 3 

l,4-Bis-(dichloromethyl)-benzene, 

lIA^ 0 (jjIjj)- oyj-4‘1 

Bis-((4,6-difluorophenyl)-pyridinato- 
N,C-2') (picolinato)Ir(III), 

jjj& (^Bj-6‘4))- 

(m)Ir( jjUJ ijSjj ) ('2-C‘N- jjUjJjjjj -( 

l,5-Bis-(4-(4'-fluorobenzoyl)-phenoxy)- 

naphthalene. 

-( jjjla-'4)-4)- ,_>ojj-5‘1 

Bis-(4-fluorophenyl)-sulhde, 

■ijiLoi jjjis-4)- 

B i s- (4- fluoropheny 1) sulfone , 

(jjiLaj ( J J -4)- (J^AJ 

2,6-Bis-(hydroxybutyl) naphthalate. 

CllVtSaj ( Jjj )- (JjjJJ- 6‘2 

4,4'-Bis-(4-hydroxy-3,5-dimethylphenyl) 
pentanoic acid. 

^Ijj-5‘3- -4)- 

Bis-(4-(2-hydroxyethoxy)benzene)-ether, 

jy -( lhJw( l -2)-4)- tj-jj 

Bis-(4-(2-hydroxyethoxy)benzene)- 

fluorene, 

tlwJwl cs^-As! ls^JJ4?*-2)-4)- ojjj 

Bis-(4-(2-hydroxyethoxy)benzene)- 

sulfone, 

jj jjj( -2)-4)- 1 _>uj 

2,6-Bis- 

(hydroxyethoxycarbonyl)naphthalene, 

jjaia )- (Jjjjj-6‘2 

2,6-Bis-(hydroxyethyl)arylate, 

(Jjjj] )- L )^ij-6 4 2 
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Bis-(2-hydroxyethyl)-biphenol, 

(J j'nqn -( (Jjjj) J -2)- 

Bis-(2-hydroxyethyl)-bisphenol A, 

jjjA -( (JAj] -2)- 

B i s- (2-hydroxy ethy l)-bisphenolH, 

H J -( (JjjjI -2)- 

Bis-(2-hydroxyethyl)-hydroquinone, 

“( JAj] -2)- 

2,6-Bis-(hydroxyethyl) naphthalate, 


Bis-(hydroxymethylcyclohexane)- 

arylate. 

Cl ^)i -( (J-UXa jCjA )- 

1 , 1 -Bis-(4-hydroxyphenyl i-ethyl- 1 - 
phenyl-2,3, 5,6-tetrafluoro-4-vinylphenyl 
ether. 

- 1 - -( J - 4)- - 1 4 1 

Jjjj Jma JaIjS- 4- jjjla ^bj-6‘5‘3‘2- 

9,9-Bis-(4-hydroxyphenyl)-fluorene, 

JAi 3 -4)- u^-9‘9 

2,2-Bis-(4-hydroxyphenyl )- 1 , 1 , 1 ,3,3,3- 
hexafluoropropane, 

-4)- (j^-2‘2 

jLjjjjjjia Ajjj -3 3 3 J <X d -( 

Bis-(4-hydroxyphenyl)-hydrazide, 

Ju jl jJUA -( -4)- 

Bis-(4-hydroxyphenyl)-methane, 

-( l\±u$ ^ J j-liA -4)- 

1 ,4-Bis-(4-hydroxyphenyl i-phenylene 
dihydrazide. 

(jjjmi -( Jina -4)- -4‘ 1 

4iJ 

1 , 1 -Bis-(4-hydroxyphenyl )-2-phenyl 
ethane, 

jljjl Jams -2-( dAt 3 -4)- - 1 ‘ 1 

2,2-Bis-(4-hydroxyphenyl)-propane, 

-4)- (j^-2‘2 

Bis-(4-hydroxyphenyl)-sulfone, 

-( J -4)- 

Bis-(4-hydroxyphenyl) sulfone. 

qjALo) ( j -4)- tj-uj 

N,N'-Bis-(3-methylphenyl)-N,N'- 

diphenylbenzidine, 

Jilia ls jI£- , N‘N-( JAlc-3)- 1 _>ouj- , N‘N 

UJ4lA 

l,4-Bis-(2-methylstyryl)-benzene, 

jjjjj -( (Jj JJJja JjJia-2)- (_>JJJ-4‘1 

(l,4-Bis-(l,3,4-oxadiazole)-2,5-di(2- 

ethylhexyloxy)phenylene)-5,5'-diyl. 

J-2) CJ jljj-5‘2-( -4‘3‘1)- ° l >uj-4‘1) 

JjJ C5 j\jj- / 5‘5-( (jAma ( i£a Jjjj 

2,2'-Bis-(l,3-oxazoline), 

( _ 3‘ 1)- 

Bis-(pentafluorophenyl)-sulhde, 

duiLuj -( cJl ^ ^'1 ^ 

Bis-(pentafluorophenyl)-sulfone, 


4,4'-Bisphenol S, 

S 

Bisphenol A, 

A 

Bisphenol A dianhydride. 

A Jj‘nq4m 

1 ,4-Bis(phenoxymethyl)benzene, 

jjjjj (JAia 
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1,4- 

Bis[(phenylmethoxy)methyl]benzene, 

ijjjj 

2,5-Bis-(2-thienyl- 1 -cyanovinyl)- 1-(2'- 
ethylhexyloxy)-4-methoxybenzene, 

JAaJ -2)- 1 -( JjijjS jjLiui - 1 - (Jjjjj-2)- 

2,5-Bis-(2-thienyl-2-cyanovinyl)-l-(2'- 

ethylhexyloxy)-4-methoxybenzene, 

jjLiwj -2- J^ip-2)- j^-5‘2 

-4-( 

1 ,4-Bis(trifluoromethyl)benzene, 

jjJjjl JAui (j^-4‘1 

2,2'-Bis(trifluoromethyl)benzidine, 

cWJ _, 2‘2 

Boron trifluoride. 


Bromoanil, 


p-Bromobenzaldehyde, 


4-Bromo-4',4"- 

dihydroxytriphenylmethane. 

Jjid ^l-u- 4‘ 4- jjj-4 

4-Bromodiphenyl ether. 

JJjj JA j^)J -4 

1 -Bromonaphthalene, 


Bromonaphthalenedicarboxylic acid, 


N-Bromo succinimide. 


1,4-Butanediol, 

(Jjjj -4‘ 1 

4-Butoxy-3-propyl-l-(4'- 
nitrophenylazo )benzene. 

Jjjjs jjjj-^l-l- Jjjjjj-3- jjjjS jjjj-4 

02w( jji 

Butyl acrylate. 


n-Butylacrylate, 


tert-Butyl alcohol. 


N-Butyl-N '-(4-azidophenyl)thiourea, 

Lijjj (Jjidjjj ji -4)-'N- -N 

Butyl benzyl phthalate, 

— (Jj j ,Jjj CjVUs 

4-tert-Butylcatechol, 

<JjfLul£ Jjjjj- ^jj-4 

2-Butyl-2-ethyl- 1 ,3-propanediol. 

J jj j (jlj j -3 * 1 - JjjJ -2- -2 

tert-Butylhydroquinone, 


n-Butyllithium, 


n-Butyl methacrylate. 

cJjj jj -n 

tert-Butyl oxide. 

(JiijJ - dlJJ 

4-tert-Butylphenol, 

l) jlja Jij jj - dijj -4 
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2-tert-Butylphenyl-5-biphenyl- 1,3,4- 
oxadiazole 

-4‘3‘1- J/nq n -5- Jda Jjjjj- 2 

J J jldLa£ jl 

2-(4-tert-Butylphenyl)-5-4-[(4- 
vinylphenyl)methoxy]phenyl- 1,3,4- 
oxadiazole, 

Jd9-4)]-4-5-( Jda Jjjjj- ^jj-4)-2 

J j j! -4‘3‘1- Jdaf 

Cadmium octoate, 

dll jj£ jl 

Cadmium selenide, 


Calcium metasilicate. 

-.J \ . J 1 ** '1 ^ <1 \ . " 1 J < 1 A 

Calcium oxide, 


Calcium terephthalate, 

^jJjalll^]! d 

e -Caprolactam, 


2-(Carbazol-9-yl)ethyl methacrylate. 

d!)\jj£lilL« Jjjj] ( JjJ -9- J 

6-(Carbazol-9-yl)hexyl methacrylate. 

d!>lj Jj*j £jt> ( Jjj -9- J j jlj )-6 

l-(3-Carbomethoxyacryloyl)-5-amino- 
1,2, 4-triazole, 

^ii*! -5-( JjjIj^I 

JjjIjjj -4‘2‘1- 

2-Carboxyl-6- 

hydroxyethoxycarbonylnaphthalene, 

Jjj_^J jjj] jdA “6“ Jj-^ “2 

4-Carboxyl[2.2]paracyclophane, 

(jlijKu*) IjIj[2.2] Jj~£ 

2-(4-Carboxyphenyl)- 1,3- 
dioxoisoindoline-5 -carboxylic acid. 

C5 jIJj- 3‘1-( Jda -4)-2 

-5- (jjljAj! jJjljjal£ jl 

Cellulose triacetate, 

jjlLJI dil. u*il 

Chloroanil, 

Jjjl jjjIS 

Chlorobenzene, 

lhJwjjj 15 

4-Chlorobenzenesulhnate, 

dl nql>» ^jjjjjjjjK-4 

Chlorobenzenesulfonic acid. 


4-Chlorobenzenesulfonyl chloride. 

(JdjiLa) j -4 

3-Chloro-2,6-difluorobenzonitrile, 

JjjlijJjjjjjli ,_pijj-6‘2- jjj }£.-3 

2-Chloroethyl ether. 

JJjj Jjjj] JJjK-2 

2-Chloroethyl vinyl ether. 

Jjjj9 Jjjj! jjjK- 2 jjj] 

2-Chloro-6-fluorobenzonitrile, 


1 -Chloronaphthalene, 


p-Chloronitrobenzene, 


p-Chlorophenol, 
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2-Chloro-p-phenylenediamine, 

(jiljj jjhjji -p- j jjlS -2 

Chlorophenylsulfonyl phenoxide, 


Chlorophthalic anhydride. 


Chlorophyll. 


Chlorosulfonic acid. 


2-Chloroterephthaloyl chloride, 

jjjK-2 

Chlorotrimethylsilane, 

(jA-lm 

Chloro-p-xylylene, 

tjJJj jS -p- jjjIS 

Cholesteryl benzoate. 

JjjU dal 

Chrome oxide. 

ynXjl 

Citraconic anhydride. 

^XLuill 

Citric acid. 

tilj ClA ‘ all >» -a ^ ~ 

Cobalt acetate. 


Copper bromide. 


Copper 4-bromobenzenethiolate, 

CjV jjj J -® "4 

Copper chloride. 

-v 

Copper iodide. 

^jA 4' 

Coronene, 

OH JJJ 5 

Coumarin, 

jjjjU jS 

m-Cresol, 

J jjjj£ - IJA-e 

o-Cresol, 

JHJj' 

Cumene, 


p-Cyanobenzoyl chloride. 

cJj "P 4j 

5-Cyanoisophthaloyl chloride. 

(Jj j]\js ij^jj -5 4? j 

1 ,4-Cyclohexanediamine, 

(JaaVI ^jLulfLk 

1 ,4-Cyclohexanedimethanol, 

J jjlii* ^gjUj ^jLoi£a - 4 ‘ 1 

Cyclohexanone, 


Cyclohexene oxide, 


Decafluorodiphenyl ketone. 

JJJ ^ c£ J Ac. 

Decamethylenediamine, 

(JaLuXQ (_£jUuC. 

Deoxyribonucleic acid, 


1 ,4-Diacetoxybenzene, 

tjjjjj ^Iju -4‘1 
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(3,(3-Diacetyl-4-methoxystyrene, 

(jjjjlui ^gjai^jJJX -4- JjJJjall ^lA 

p-Diaminobenzene, 

quI ^Uj- 1 jU 

3,5-Diaminobenzoic acid. 

AjjJ^ ^lA-5‘3 

4,4'-Diaminodicyclohexylmethane, 

(jlA-a Jj-u&fc ^lA -^44 

2,2-(4,4'-Diaminodicyclohexyl)propane, 

JajjSa <J\ju-'4‘4)-2‘2 

4,4'-Diamino-3,3'- 

dimethyldiphenylmethane. 

JdS ^lA JAi* -'3 ‘3- jiiA ^lA-4-4 

l,8-Diamino-3,6-dioxaoctane, 

jUSjl LuiSjl -6‘3- ^lu-8‘1 

3,4'-Diaminodiphenyl ether, 

Jda ^jIA ^gjlA-4‘3 jjjJ 

4,4'-Diaminodiphenyl ether. 

Jjil3 ^jlA jilJ ^gAA-44 jj j] 

4,4'-Diaminodiphenylmethane, 

jjljxa Jda ^plA ^jjA 

2,4-Diamino-4'-fluoroazobenzene, 

jji ^Uj-4‘2 

4,4'-Diamino-4'-methoxytriphenylamine, 

^jj-al Jjii3 jIia - r 4- 44 

2,4-Diamino-4'-methylazobenzene, 

jjjjj jjl JjJA« - , 4- jjial ^Uj-4‘2 

2,4-Diamino-4'-nitroazobenzene, 

tjjjjj jjl ^lS-4‘2 

2,4-Diamino-4'-(4-nitrophenyl- 

diazenyl)azobenzene. 

( J^j^d Jdi^ jjS J-4)- 7 4- jiiA C5 jIA4‘2 

ULWJJ 

2,6-Diaminopyridine, 

^JJ-llJJJ jiu»l ^Uj-6‘2 

3,5-Diamino- 1 ,2,4-triazole, 

JjjLlJJ-4‘2‘1- jjial 

2,4-Diamino-4'- 

trifluoromethoxyazobenzene. 

jjl j j jla -4- (_jjlu-4‘2 

Dibenzoylperoxide, 

■■ll^jJJJ Jjj Jjj ^lA 

4,4'-Dibromobiphenyl, 

Jiiiiijj-o jjj ^lA- 44 

1 ,2-Dibromoethene, 

ijjjJ ^jlu-2‘1 

a',a'-Dibromo-a,a,a,a'-tetrafluoro-p- 

xylene, 

^Uj-a'icTwa- ^US-a'icx 

jJjjS-p- jjjia 

a,a-Dibromo-p-xylene, 

j -« jjj ^Lu-a‘0 

2,6-Di-tert-butyl phenol. 

Jjiia Jjj^j- djj- ^lA-6‘2 

N,N-Di(4-tert-butylphenyl)-4-(2-pyridyl) 

phenylamine, 

Jjjjj- d jj4) <^jIA -N‘N 

Jda ( JdJj^ - 2)4-( Jd* 

Dibutyltindilaurate, 

dll jj] ^lA jj-lvdj (Jjj jj ^lA 
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N,N '-Di(carbazol-3-yl)-N,N '-diphenyl- 
1 ,4-phenylenediamine. 

^IS-'NcN-C Jj) -3- J ijjLJS) t pi£-'NcN 

-4*1- 

1 ,2-Dichlorobenzene, 

JJJ& (jjl-u-2‘1 

o-Dichlorobenzene 

oi_>4 ^4 j-o 

p-Dichlorobenzene, 

Oij4 g4'-“-p 

2,6-Dichlorobenzonitrile, 

Jjjjjjjjj jjjK ^jjlS-6‘2 

4,4'-Dichlorobenzophenone, 

^-'44 

4,4'-Dichlorodiphenyl sulfone. 

jjiiui Jaus jjjK LS jlii- , 4i4 

1 ,2-Dichloroethane, 

(jUbVI jjjK ^lu-2‘1 

3,5-Dichloro-4-(4-methoxyphenyl)-4H- 
1,2, 4-triazole, 

-4)-4- ^Uj-5‘3 

J j jL jj -4 ‘ 2 ‘ 1 -4H-( 

l,9-Dichloro[2.2]paracyclophane, 

(jlijlSjjai 1 jIj[2.2]- jjjIS ^lu-9‘1 

Dichloro-p-xylylene, 

jjUjjS-p- jjjK 

Dicumyl peroxide. 


2-Dicyanomethylene-3-cyano-2,5- 

dihydrofuran, 

^Uj-5‘2- qAxua jjLua ^Lij-2 

4-(Dicyanomethylene)-2-methyl-6-(4- 

dimethylamino-styryl)-4H-pyran, 

)-4)-6- -2-( CjAA^ )-4 

jl j^-4H-( (Jjjiluj - jij-al 

4-(Dicyanovinyl-N,N-diethylaniline), 

( cJAjj 

9,9'-Didodecylfluorene-2,7-diyl, 

Jj) ^Uu-7‘2- (jjjjia JjjjjJj-J 

Jj) ^lS-7‘2- (jjjjia JjjjjJjJ (^jLS-9‘9 

1 ,4-(N,N '-Diethylamino)anthraquinone, 

ijjjjSl jiii ( (JjjjI ^Uj-'N^Nl-dD 

Diethylaminodicyanostyrene, 

(JJJjluJ ^jLbul 

4-Diethylaminoethyl benzoate, 

(JAjI lIA?] 

Diethylene glycol. 


Diethylfumarate, 

dll jLo j3 lJAj] 

2,2-Diethyl- 1 ,3-propanediol. 

Jjjj <jlj j jj -3 ‘ 1 - JjjjI ^Ijj-2‘2 

2,6-Difluorobenzonitrile, 

Jjjjjjjjj jjjla ^12-6 ‘2 

4,4'-Difluorobenzophenone, 

jj-y 3 j_>4 

4,4'-Difluorodiphenyl ketone. 

ijjjjS Jina ^jjlij- 4‘4 

4,4'-Difluorodiphenyl sulfone. 

jjillo Jiid ^jjljjjjjla - r 4‘4 

2,7-Difluoro-9,10-dithiaanthracene, 

jjJjjj) Lu ^lii-10‘9- jjjls ^lS-7‘2 
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3,5-Difluoro-4'-hydroxydiphenyl sulfone, 

cJauS jjjla ^ £-5‘3 

3,5-Difluorophenylmagnesium bromide. 


2,7-Difluorothianthrene, 

OiJ 1 JJ& LS&&- 7 ‘2 

4,4'-Diflurobiphenyl, 

Jjjjiujjjla - r 4‘4 

Dihexamethylenetri amine. 

(jj-al L)A?\) a 

9,9-Dihexylfluorene-2,7-divinylene-m- 
phenylene vinylene. 

^lu-7‘2- 

\ t vq ^ ‘ <\ <*< <*a 

o-Dihydroxybenzene, 


2,5-Dihydroxybenzoic acid. 


4,4'-Dihydroxybenzophenone, 

tjjiia jjh 4‘4 

4,4-Dihydroxydiethoxydiphenyl sulfone, 

Jina jjJjA 4‘4 

2,4-Dihydroxydiphenyl sulfone. 


4,4'-Dihydroxydiphenyl sulfone. 

jjiLo Jjiia 

2,6-Dihydroxynaphthalene, 

(jJtiij (^jUj-6‘2 

2,7 -Dihydroxynaphthalene, 

jJtiij ^jjljj-7‘2 

2-(2,4-Dihydroxyphenyl)-2H- 

benzotriazole. 

4# ilu-4«2)-2 

J j jLj jjjjij -2H-( 

1 ,6-Di(3-hydroxyphenyl)- 1 ,6- 
diazaspiro[4.4]nonane-2,7-dione. 

jjjawj ljlp-6‘l-( -3) ^jUj-6‘1 

u^-7‘2- u^jj[4.4] 

1 ,6-Di(4-hydroxyphenyl)- 1 ,6- 
diazaspiro[4.4]nonane-2,7-dione. 

jjjiLj 1 jUj -6‘l-( Jjjjs -4)^12 -64 

(jjjj-7‘2- o'-D i [4-4] 

2-(2,4-Dihydroxyphenyl)- 1 ,3-2H- 
dibenzotri azole. 

LS jljj-2H-3‘l-( Jjjjs ts j'-u-4 i 2)-2 

p-Diiodobenzene, 


p,p'-Diiododiphenyl sulfone, 

jjjiLo Jma ^IS-'pip 

Diisocyanatodiphenyl methane. 

(Jjjja jjljUxuj jjj ^Ljj 

Diisopropylamine, 

OH>l Lkjjjjjjj tjjljj 

Diisopropyl azodicarboxylate. 

^tjj jjl 

m-Diisopropylbenzene, 


3,3'-Dimethoxybenzidine, 

1 _ s jI£- , 3 4 3 
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4-Di(2-methoxyethy 1 ) aminobenzylidene 
malononitrile, 

jilJ ( (JjlLjI - jllA -2) -4 

2,2-Dimethoxy-2-phenylacetophenone, 

JaLa -2- ^lii-2‘2 

Dimethylacetamide 

Jxalljjuil 

Dimethylacetonitrile, 

(Jjjjj jibail (JAl-a 

Dimethylacrylamide, 

±la\ 

4-Dimethylaminopyridine, 

(JJAijJlJ jii-al (JAl-a <^^"4 

3,3'-Diniethyl-l.l'-binaphthalene, 

1 1 1 - JAi-o ^13 -'3 *3 

2,2'-Dimethyl-4,4'-bis(4- 

aminophenoxy)biphenyl, 

( Lr ui£^iis -4) Qjai-AiA- ^l£-'2‘2 

4-Dimethylbutylamine, 


N,N-Dimethylcarbamyl chloride. 


Dimethylchlorosilane, 

jjjK (JAi* 

3,3'-Dimethyl-4,4'- 

diaminodicyclohexylmethane. 

-'44- 

2,5-Dimethyl-2,5-di(tert-butylperoxy)-3- 

butane, 


2,9-Dimethyl-4,7-diphenyl- 1,10- 
phenanthroline. 

^JUj-74- ^Uj-9‘2 

^ jjjjUa-10‘1- J^ 3 

N,N-Dimethylformamide, 


4,4-Dimethyl- 1 ,7 -heptanediamine, 

-7 4 1 - -44 

2,6-Dimethyl-4-heptanone oxime. 

-4- c^^-6‘2 

1 ,3-Dimethylimidazolidinone, 

(j All j jl -Iiaj] "3 4 1 

Dimethyl isophthalate. 

CjVIjSj jjI 

2,3-Dimethylmaleic anhydride. 

tilulLa JjIia ^^"3 ‘2 

2,6-Dimethyl naphthalate, 

(jailaij JAi-a <^A-5 ‘2 

Dimethyl-2, 6-naphthalene dicarboxylate. 

ClALluA ^jjlUaj-6‘2- cJAl<a LS~^ 

2,5-Dimethyl-4-(p- 

nitrophenylazo)anisole. 

Jjjaujl ( jjl J^iia 1 jL)-4- JAi-a <^A-5‘2 

2,5-Dimethyl-4-(4'- 
nitrophenylazo)phenyl benzyl ether. 

J^j 3 (jji J^ 3 jjaj -'4)-4- JAl* ^lA-5‘2 

jjjj 

2,5-Dimethyl-4-(4'- 
nitrophenylazo)phenyl octyl ether. 

lS^A (jji J^ 3 j jaj -'4)-4- JAj-a ^US-5‘2 

jljj (Jii£ j! 
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2,4-Dime thyl-3-pentanone oxime. 

(jjjlajj-3- JAi^ ^LA-4‘2 

2,6-Dimethylphenol, 

Jjjja JAw ^ljj -612 

Dimethyl phthalate, 


2,2-Dimethyl- 1 , 3-propanediol, 

Jjjj (jUjjj-3‘1- iJAlo (jjljj-2‘2 

2-(5,5-Dimethyl-3-styryl-cyclohex-2- 

enylidene)-malononitrile, 

-2- l^jAjoi-3- l P^-5 4 5)-2 

(Jj j\ Lo -( yjjaLjl 

Dimethyl sulfoxide. 

j\ *'*' ^ \ 1 .X - ■' 

Dimethyl terephthalate. 

(JAia ^IA ciiVAajj 

3,5-Dimethyl- 1 ,2,4-triazole, 

JjjUjj-4‘2‘1- (^jIA-5‘3 

3,6-Dimethyl-9-vinylcarbazole, 

J^A-9- JA-iAi ^\A-6c3 

3,6-Dinitro-9-vinylcarbazole, 

J jjljjis Jiiu-9- jj4i 

9,9-Dioctylfluorene, 

tjjjjla JiiS J ^LS-9‘9 

l,6-Dioxaspiro[4.4]nonane-2,7-dione, 

(jjjj-7‘2- <jljy[4.4] jjjfuiLA jl ^jIu-6‘1 

1 ,4-Diphenoxybenzene, 

cjjjjj t5 j'-u-4‘l 

2,6-Diphenoxybenzonitrile, 

Jjjijjjjj ^jjlS-6‘2 

4,4'-Diphenoxybenzophenone, 

ijjid jjjj 

N,N '-(4,4'-Diphenyleneethylene)bis(4- 
phenylethynylphthalimide). 

Jilia-4) C5 3lfi-'44)- / N‘N 

( (Jllia (Jolujj 

4,4'-Diphenyl ether dicarboxylic acid. 

iiilLuAjJj£ ^gjlA jlll ij-liia ( _ 5 jIA- / 4‘4 

9, 1 0-Diphenylethynylanthracene, 

cJ^Aj lS^ 2 ^gjlA-10‘9 

N,N-Diphenylformamide, 

•li* 1 J^} 2 -N‘N 

Diphenylguanidine, 

(jjAjjl JC. ^lA 

Diphenyl methyl phosphate. 

(JAjAI j (JjjjaSI ^gjlA dslLoj 

2,6-Diphenylphenol, 

Jjii ^jjlS-6‘2 

N,N '-Diphenyl- 1 ,4-phenylenediamine. 

jiai ^Lu jjlma-4‘1- Jjiia (jiljj-'NtN 

2,2-Diphenyl- 1 -picry 1-hydrazyl, 

JjjljAiA- JjjfLu-1- J^iia ^lA-2‘2 

N,N-Diphenyl-7-(2-(4-pyridinyl)- 

ethenyl)-9,9-di-n-decyl-9H-fluorene-2- 

amine, 

^1A-N‘N 

-9 ‘9- -( -4)-2)-7- J^ 2 

-2- j jla -9H- ^lA 

4,4'-Diphenyl sulfone, 


3, 6-Diphenyl- vinylcarbazole, 

J^ 2 ^lA-6‘3 
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4,7-Diselenophen-2'-yl-2, 1,3- 
benzoselenadi azole. 

1 ijhiujjjj -3‘1‘2- JJ -2- D® jjjl'jm -7 ‘4 

JjjIjJ 

4,7-Diselenophen-2'-yl-2, 1,3- 
benzothiadiazole. 

JjjLpLjj jjij-3‘1‘2- cij -2- ^Uj-7‘4 

Disperse Red 1 , 

(Jxl^ 1 dudall 

3,3'-Disulfonate-4,4'-dichlorodiphenyl 

sulfone, 

Jdia C5 jI£-' 44- diljjaLjj ^^-'3 4 

4,7-Di-2-thienyl-2,l,3-benzothiadiazole, 

Jj jLpL£ -3 1 1 ‘2- -2- -7 ‘4 

Dodeca-fluoro[2.2]paracyclophane, 

(jli U,| 1 jLj[2.2] 

Durene, 


Dysprosium fulleride. 

jjjljj fjjjjjixji ^b 

Enantholactam, 


Epibromohydrin, 


Epichlorohydrin. 

(jj i_j. AaA j j 

9-(2,3-Epoxypropyl)carbazole, 

-3‘2)-9 

Ethyl acetate, 

dltiuj! 

Ethyl-2-bromo-2-methylpropionate, 

dlljj^j^J Jjli-o-2- 2- (JAll 

/V-Ethylcarbazole, 

Jj jljjls JjjjI -N 

9-Ethyl-3-carbazolecarboxaldehyde, 

(JAjI -9 

;V-Ethylcarbazolc-3,6-di carboxylic acid. 

^lij-6‘3- cJAj) “N 

Ethylene carbonate, 

(jjUnVI db 

Ethylene chlorohydrin. 

jjjK jjaLuj] — jjjK 

Ethylenediamine tetraacetic acid, 

JiJI t jaxVI jJjjjVI 

Ethylene dibenzoate. 

dllj^L 

Ethylene dinaphthoate. 

dii jUij 

Ethylene glycol. 

(J jfLxlc. (juLlil 

Ethylene glycol mono methyl ether, 

jjjI JAi* j (J (jaiujj 

Ethylene propylene diene monomer. 

(jaluj] jaa jj ja 

l-(2-Ethylhexyloxy)-2,5-dimethyl-4-(4- 
nitropheny lazo (benzene. 

(JAu» LS jlii-5‘2-( 

u3^( jj' 4)4- 

l-(2'-Ethylhexyloxy)-2,5-dimethyl-4-(4'- 
nitropheny lazo (benzene. 

ls jUj-5‘2-( Jajj£a JjjjI -'2)- 1 

jjjj(jjl Jjjja jjjj-^)^- JAc« 
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Ethyl mercaptan. 

(jljjl£jj-<l JjjjI 

Ethyl methacrylate. 

Jjjj^l Cl2)Ll j£\jJ-a — Jjjjj 

4-Ethyl[2.2]paracylophane, 

jlijLxj: \ jU [2.2] JjjjI -4 

2-Ethyltetramethylenediamine, 

JjnuI ^Uj L)Ah) A "2 

N-Ethyl-3-vinylcarbazole, 

Jjii9-3- Jjjjj -N 

Ethynylaniline, 

OjLWI cJ-tiuj] 

3-Ethynylphenol, 

JjliS Jdiujj “3 

9-Fluorenone, 


4-Fluorobenzenesulfinate, 

\\ ^jjjjj JJJ& "4 

2-Fluorobenzonitrile, 


4-Fluoro-4-hydroxydiphenyl sulfone, 

jilwj Jjiia j -/ 4- j j jU ~4 

5-[(4-Fluorophenyl)sulfonyl]-2- 
fluorobenzoic acid, 

jjjia_ 2 -[ Jjj jiiwj ( Jaljajjjia-4)]-5 &■=>• 

iJjjJjj 

(Fluorophenyl )(trifluorophenyl) sulfone. 


2-Formyl-6-naphthoic acid, 


Fumaric acid. 


Fumaroyl chloride, 

Jjj^Lajall 

Germanium oxide. 

^ jl 

Glycidyl acrylate. 

(Jjjxuulc. ~ Jj.^u+ijU." 

N-Glycidylcarbazole, 

Jj jU jt£ (JjAluuIc. -N 

Glycidyl methacrylate. 

Jj.ltuuUJI t" 

y -Glycidylpropylmethoxysilane, 

(jvLujJ JJJ-« (J JJj^>J J-jJ-baulc- -y 

Glycidyl tosylate, 

jJj.1U.kilU.]' Cj^Uuj JJ 

Heteropolyacid, 

a jjIJl-cJI 

1 -Hexadecylamine, 

(jj-al Jjjai^Lai^A - 1 

2-Hexadecyloxy-5-methoxybenzene- 

l,4bis-(4-dimethylaminophenylene 

vinylene), 

j) l )<Q -5- JjjaLpLui^A -2 

c Jj1uj3 Jjjja ^jjl^j-4)- 1- <jjJjj 

(uAhA 

1,5-Hexadiene, 

-5‘1 

4,4'-(Hexafluoroisopropylidene)diphenol, 

^Ljj ( jjiiLujjjjjjjjjjla 

4,4'-(Hexafluoroisopropylidene)- 

diphenyl. 

lS^ ^jLjj ( jjiiLjjjjjjjJ jjjla 
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4,4'-Hexafluoroisopropylidene diphthalic 
dianhydride. 


Hexahydroxytriphenylene, 


N,N '-Hexamethylenebis(3,5-di-tert- 
butyl-4-hydroxyhydrocinnamide). 

^j\\ \\ NcN 

-4- ^jj-5‘3) 

ijjji AjA 

Hexamethylenediamine, 

L)A^ a 

Hexamethylphosphoramide, 

Aj-qI J XI X a Ajoi 

1,6-Hexane diisocyanate, 

djULlwJ j jj] ijLai^A -6 4 1 

m-Hexaphenyl ether. 

jlij Jjdia 1 -m 

4-(4-(Hexyloxy)phenyl)-3,5-diphenyl- 
4H- 1,2,4-triazole, 

^ljj-5‘3-1 )-4)-4 

cJjjljjj -4‘2‘l-4H-( Jjjjs 

High impact poly(styrene), 

‘LojIaaII jJ 

R-Hirudin, 

likPjJi* R 

Hydrazine 

LttJ 

Hydrazine sulfate. 

jJA^ll CllULa) — 

Hydrogen fluoride. 

4o 

Hydrogen sulfide. 

— jjJLi^ll AlALai 

6-Hydroperoxy-6-hexanelactam, 

^jLiai£A -6- _ 6 

Hydroquinone, 

Jj4!* 

2-(2-Hydroxy-7-acryloyloxynaphthyl)- 

2H-benzotriazole, 

J -7- -2)-2 

j j 3^ j* j -2H-( 

2-[2-Hydroxy-4-alkoxy-(2-oxypropyl 
methacrylate)pheny 1] 2H-4- 
methoxybenzotriazole, 

-2)- -4- l5 joi£jJ.1iA -2] -2 

cJjjljjj jJ>aj cr ui£jli^-4-2H[ 

Hydroxyapatite, 


p-Hydroxy benzaldehyde, 

JLlA Jill jli - 1 jLj 

4-Hydroxybenzoic acid, 

-4 ^j-sa-a^k 

3-Hydroxy- 1 ,2,3-benzotriazin-4-one. 

jjl -4- aijljjjj3jj-3‘2‘l- -3 

1 -Hydroxybenzotriazole, 


6-Hydroxy [ 1 ,3-bis-(4- 
hydroxyphenylsulfonyl]benzene. 

-4)- ^jaUJ-3‘1] cjJ ai£jjAiA -6 
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7-Hydroxy-5-carboxymethyl- 1 ,2,4- 
triazolo [ 1 , 5 -a] pyrimidine. 

JjllA -5" -7 

4-Hydroxycinnamic acid, 


1-Hydroxycyclohexyl-phenyl-ketone, 

-1 

2-Hydroxyethyl acrylate. 

jAia -2 

2-Hydroxyethyl methacrylate. 

CLl)Ij JAjJ -2 

(p -Hydroxyethyl)naphthalate, 

diVl4ij( JjjjI -J3) 

N-Hydroxymethylmethacrylamide, 

-Ij-gI (JAia J j-lfA “N 

2-Hydroxy-6-naphthoic acid. 

ciLjiiij -6- jj-ifA -2 

6-Hydroxy-2-naphthoic acid. 

ciL j!lij -2- j jAiA -6 

4'-Hydroxy phenyl-4-hydroxybenzoate, 

dal -4- — r 4 

4,4'- [ 1 - [4- [ 1 -(4-Hydroxyphenyl)- 1 - 
methylethyl]phenyl]ethylidene], 

JAi-a-l-( Jma -4)-l]-4]-l]-'4‘4 

[ [ (J^jj 

2-(4-Hydroxyphenyl)-5-phenyl- 1,3,4- 
oxadiazole, 

-4)-2 

(JjjLjLjiSjl -4 ‘ 3 ‘ 1 - J^-5-( 

4-(4-Hydroxyphenyl)- 1 (2H)- 
phthalazinone. 

jjjjjVLa-(2H)l-( JjLa -4)-4 

9-(3-Hydroxypropyl)carbazole, 

J j ( lWjjj -3)-9 

N-Hydroxypyridine-2-thione, 

Ljjj-2- jjJjjjj jjJja -N 

Hypochlorous acid. 


2-Imidazolidinone, 

j j\ .IlojI -2 

Indium tin oxide, 


Isophorone diamine, 


Isophthalic acid, 


Isophthalonitrile, 

Jj jojjlUa j jjJ 

Isophthaloyl bislaurocaprolactam, 

jjjl jjj] 

Isophthaloyl chloride, 

AjjjK 

4,4'-Isopropylidene diphenyl, 

- 4<*4 

Laurolactam, 


Liquid crystal polymer, 

AAjLolSI djl j^LII 

Lithium hydroxide, 

~ jj '~'i 211 AAjoi^^j^AjA 

Lithium naphthalene, 
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Lithocholic acid. 


Magnesia, 

Lj Vuc-l 

Magnesium acetate tetrahydrate. 

dal j.liA ^ dsllujl 

Maleic anhydride. 

tilnll V J ^ 

Malonic acid diethyl ester, 

Jlu. il — (JAlVl dllj 

L&yi 

Manganese acetate. 

j njMxtll ClltL-ul — 

Melamine cyanurate. 


2-Mercaptoethanol, 

(J i -2 

3-Mercaptopropionic acid. 


3-Mercaptopropyltrimethoxysilane, 


Methacrylamide, 


Methacrylic acid. 


Methacrylic acid 6-[3-(2-cyano-2-(4- 

nitrophenyl)-vinyl)-carbazol-9-yl]hexyl 

ester, 

-4)-2- -2)-3]-6 jluij 

J-^A [ JjJ -9- l)j jW -( -( J 

Methacrylic acid 6-[3-(diphenyl- 

hydrazonomethyl)-carbazol-9-yl]hexyl 

ester. 

^ljj)-3]-6 jiujj 

Methacrylic acid 6-[3-[2-(4-nitrophenyl)- 
vinyl] -carbazol-9-yl]hexyl ester. 

-( Jdia jjlj -4)-2]-3]-6 jlotj 

-9- 

Methacrylic anhydride, 


N-Methacryloxypropyl carbazole. 


N-Methacryloxypropyl-3-(p- 
nitrophenyl)azo carbazole. 

jjij- IJj)- 3- jl 

c!j j jl ( Jjjji 

Methacryloyl chloride. 


Methanesulfonic acid, 


4-(5-Methoxy-2H-benzotriazole-2- 

yl)resorcinol. 

-2- Jj 

cij 

2-Methoxy-5-(3',7'- 
dimethyloctyloxy )benzene- 1 ,4- 
diacetonitrile. 

Jd£jl c5 j\jj-'7 t '3 ) -5- jIia -2 

Jjjjjjllxul ^gjljj-4‘1- 

p-(Methoxymethyl)benzyl chloride. 

d JJ K Jj^( <^**£>Au)-p 

1 -Methoxynaphthalene, 


p-Methoxyphenol, 
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4-Methoxyphenyl-4-allyloxy benzoate, 

dll -4- iJaIaS jAg -4 

Methoxyphenylisocyanate, 

dliUxu j jjj (Jda 

4-Methoxyphenylsulfonyl chloride, 

j (Jjj jiluj (Jda _ 4 

Methyl-(4-anilino-phenyl) sulfide. 

j'nljil -4 )-l]Aia 

N-( a -Methylbenzyloxy)-2, 2,6,6- 
tetramethylpiperidine, 

^bj-6‘6‘2‘2-( Cir ^Ajl OA--a)-N 

p-Methylbenzyltrimethylammonium 

hydroxide, 

j \ja\ lJAh 1 jjd* 

2-Methyl- 1 -butanol, 

-2 

Methyl-tert-butyl ether. 

cJ. - d jj- (JAia jjj] 

Methyl chloromethyl ether, 

(JAia j jjK (JAi* jA] 

2-Methyl- 1 ,5 -diaminopentane. 

(jlAj ^lA -5 4 1 - cJAa* - 2 

Methylene chloride. 

(jAmAl djjA 

2-Methyleneglutaric dinitrile, 

<Jjjaj ^j\A Aijljjlc. c jAid-2 

Methyl ethyl ketone. 

jjlA JAjI cJAia 

Methyl isobutyl ketone. 

jjlA Jjjjjjjjj JAi-o 

Methyl mercaptan. 


Methyl methacrylate, 

JAlAI d!)L:^)AAa 

a -Methylnadic anhydride. 

Aj^lj (JjAa-a 

4-(a -Methylnadimido)-benzoic acid. 

-ct)-4 

2-Methyl-5-nitroaniline, 

^jAijl jjlj-5- JjAo-2 

2-Methylpentamethylenediamine, 

(j^l ^lA (jAiAo (JjAo-2 

N-Methyl-4-picolinium 
hexafluoropho sphate , 

do )\ J)^J .1 -4- Jj'lj-O -N 

Methylpiperidine, 

(JjAijaiAI cJAi-o 

4-Methyl-pyrazolo[3 .4-b] quinoline. 

<jJ^ii£[3.4-b] jijjl jjj- Jjjj^-4 

N-Methyl-2-pyrrolidone, 

(j j-A j jjj -2- JAia-N 

N-(4-Methylsulfinyl)phenylene-N 
phenyl- 1 ,4-phenylenediamine, 

JAi^ -4 ) -N 

^AA (jAiiia-4‘1- c jAma( tj.) nq A 

4-Methylsulfoxy-diphenylamine, 

(jA<d iJaa^ ^^AA- (JAa*-4 

Methyltri-n-octylammonium chloride. 

^aj^j-aVI _ n- lJAia djjA 

1 (JaA jl - - ^^A/lii (JAia 

Molybdenum disulfide, 

a Jilllul jAI daluo ^lA 
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Monoethanolamine, 


Monomethyl-2, 6-naphthalene 
dicarboxylate, 


Montmorillonite, 


Morpholine, 


Nadic anhydride, 


p-Nadimidochlorobenzene, 


1 -Naphthaldehyde, 


2,6-Naphthalenedicarboxylic acid. 


1 ,5-Naphthalenediol, 

JjjJ jJtiij-5‘1 

Naphthalocy anine , 


2-Naphthoic acid, 


1 ,2-Naphthoquinone-2-diazido-5- 
sulfonyl chloride. 

JijjiLuj-5- jJbjlp-2- 

2-a -Naphthyl-5-(4-vinylphenyl)- 1 ,3,4- 
oxadiazole, 

J j jLi^LiiSjl -4‘3‘l-( (J;iiu-4)-5- Jiiij-a-2 

Neopentyldiamine, 


3-Nitroaniline, 

jJjjl jjjj-3 

Nitrogen dioxide. 


3-Nitromesidine, 

tjjiijixi jjaj-3 

4-(4 -Nitrophenyl-diazenyl) phenyl- 1 ,3- 
diamine. 

jjJ -3 ‘ 1 - Jjiia ( l) 4 ~ j jjj -4)-4 

N-(4-Nitrophenyl)- 1 -prolinol, 

J jiil j jj - 1 -( J^iia jjii-4)-N 

Octadecylacrylate, 


1,1.2,2,9,9,10,10- 

Octafluoro[2.2]paracyclophane, 

ljU[2.2] jjjla ^li-10‘10‘9‘9‘2‘2‘1‘1 

Octafluoro[2.2]paracyclophane, 

\ j\j[2.2] ^Laj 

2,2,3,3,4,4,5,5-Octafluoropropyl 

methacrylate, 

ciiUjjSllui ^jLoj-5‘5‘4‘4‘3‘3‘2‘2 

1,3,4-Oxadiazole, 

-4 6 3 4 1 

Oxalic acid. 

cil2Lui£ jV 1 

Oxaloyl chloride. 

JjjIUSjSji Ajjjis 

4-Oxoheptanedioic acid. 

liLjl (jli.uA j! -4 
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4,4'-Oxybis-(benzenesulfonylhydrazide), 


Oxy-bis(N-(4-phenylene)-trimellitic 

imide), 

( a±aj! iA n \\ u (jAilia -4)-N) (jjaj- 

3 ,4'-Oxy dianiline, 

jiM -A ‘3 

4,4'-Oxydianiline, 

(jJjji J -'4«4 

2,2'-(Oxydi-4, 1 -phenylene )bis[5-(4- 
fluorophenyl)- 1 ,3.4-oxadiazole] , 

jjLba-4‘1- 

[ l)j -4‘3‘l-( ^m a jjj^-4)-5] 

3,3',4,4'-Oxydiphthalic anhydride. 

iiliSUa ^ 

N-Oxypyridine-2-thione, 

(jjJJ -2“ (JJ-llJJJ jl -N 

Ozone, 

ujjj' 

Palladium acetate. 


Palladium(II)-hexafluoroacetylacetonate, 

cjU jiJi iuji 

Papain, 


Pentachlorobenzonitrile, 


Pentaerythrityl-tetrakis[3-(3,5-di-tert- 

butyl-4-hydroxyphenyl)propionate], 

(JjjjjjjjI lib 

-4- ] 

Pentafluorobenzonitrile, 

Jjjbjjbjjjia 

Pentafluorophenyl sulfone. 


Perchloric acid, 


Perfluoroalkyl vinyl ether copolymer 
resin, 

(JbjS jjjiajj jbj tiljluuj 0jjl j 

Perfluorooctyl methacrylate. 

jl j jjla jj 

Perlenetetracarboxylic-bis- 

benzimidazole, 

(Jj jljLuul jb — (jjiu - ^^Lij i)-iL j-u 

Perylene, 


Phenol, 

(JjjjS 

Phenolphthalein, 

jjllla J jba 

Phenolsulfonic acid. 


p-Phenoxybenzenesulfonyl chloride. 

(JbjiLbl 

4-Phenoxybenzophenone, 

jj ■“ t^S^-4 

p-Phenoxybenzoyl chloride, 


Phenoxyethylacrylate, 

c!l>Ljj£I (JjjjI 

4-(4-Phenoxyphenoxy)benzophenone, 

ls^LA£-4)-4 
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p-Phenoxyphenoxybenzoyl chloride. 


N-[4-(3-Phenoxy)-4'- 

phenylethynylbenzophenone]4'- 

phenylethynylphthalimide, 

jjh Jjialii J ; ma- , 4-( 

N,N '-[2,2-(4-Phenoxyphenyl) 
hexafluoroisopropylidene]bis-(4- 
phenylethynyl phthalimide). 

jjjla ^ji*-4)-2<2]- N‘N 

( AiAjlUa (Jjifnj jjlma-4)- 

4-Phenoxyphenyl sulfone. 

^ \ ■ n \ \ \^ ^ ^ l \ -4 

4-Phenoxy-2, 3,5,6- 
tetrafluorobenzonitrile. 

JjjjjjJijjjjla ^c-Ijj-6‘5‘3‘2- jjjs-4 

Phenyl benzoate, 


1-Phenyldecane, 

jlSjj Jiba-l 

N-Phenyl-4,5-dichlorophthalimide, 

Jxojj JUa j j jlS -5 ‘4- -N 

3,3'-(m-Phenylenebis(oxy))dianiline, 


N,N '-(1,3-Phenylene)bis(4- 
phenylethynylphthalimide, 

i\n±^\ jjluja-4) lw( -3 4 1 )-^N 

( A^ulllla 

N,N '-(1,4-Phenylene)bis(4- 
phenylethynylphthalimide, 

Jjjjjj) -4) <j*u( _ 4 fc 1)- , N‘N 

( Axtullila 

1 ,3-Phenylenediamine, 

(j^oVl jjima-3‘1 

1 ,4-Phenylenedi amine. 

(jo*VI jjima-4‘1 

m-Phenylenediamine, 

jjxVI (jjlu (jjLija-m 

p-Phenylenediamine, 

jAoVl jjlma -p 

4,4'-(p-Phenylenedi- 1 ,2-ethenediyl)- 
diphenol. 

JJ (j- 3 ijjjjj -2‘1- (jjhba -p)-'4‘4 

(JjjjS 

4,4'-(m-Phenylenedioxy)-bis- 
(benzenesulfonyl chloride), 

ojjjj-) ujVyft -m)- / 4t4 

p-Phenylene oxadiazole. 

(J j^LpLai^ jl (jalma -p 

p-Phenylene-5,5'-tetrazole, 

Jjjl j2-'5‘5- tjJjiia-p 

p-Phenylene vinylene. 

4j <‘p _p 

4-(Phenylethynyl)- 1 ,2- 
benzenedicarboxylic acid anhydride, 


4-(l-Phenylethynyl) 1 ,8-naphthalic 
anhydride. 

(J/i/nj JjL9-1)-4 

4-(Phenylethynyl)phenol, 

J i )-4 

Phenylhydroquinone, 
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N-Phenylmaleimide, 


3-Phenyl-7-methacryloyloxyethoxy- 1 - 
methyl-lH-pyrazolo[3,4-b]-quinoline, 

LS ^j\ -7 - -3 

[b-4‘3] jJjjl 

3-(5-Phenylpentyl)-4-methylbenzyl 

chloride. 

JjjjJl jjK JAlo -4-( J^-5)-3 

p-Phenylphenol, 

Jjiia Jma- 

2-Phenyl-5-4-[(4- 

vinylphenyl)methoxy]phenyl- 1,3,4- 
oxadiazole, 

jAba Jma-4)]-4-5- J^-2 

l)j -4‘3‘1- 

Phosphomolybdic acid, 


Phosphorus pentoxide. 


o-Phthalic acid. 


Phthalic anhydride, 


Phthalocyanine, 


(3 -Picoline, 


Poly(acenaphthylene), 

( ) Jjj 

Poly(acetylene), 


Poly(acrylic acid), 


Poly(acrylonitrile), 

JjJ 

Poly(amide), 

(4V 1 ') Jjj 

Poly(amide imide), 


Poly(5-amino- 1 -vinyltetrazole). 

( Jjjl JL Jjj^-1- j 4v>' -5) Jjj 

Poly(amino-p-xylylene), 


Poly(aniline), 

(oM)^ 

Poly(arylene ether nitrile). 

(Jj ju jy jjLji) jjj 

Poly(arylene ether sulhde). 

(4P^ J4 j')cA^ 

Poly(arylene ether sulfone). 

(uj^ 1 jy CxkJ)<^Jt 

Poly(arylene sulhde), 

(u4^j7I 44^“) 

Poly(arylene thioether ketone), 

(<j_A£ Jh'jv a^iJ) 

Poly(benzimidazole), 

(J j jl 

Polybenzimidazole, 

( Jjj'4^j4) Jjj 
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Poly(3,3',4,4'-benzophenone 
tetracarboxylic dianhydride-3, 5-diamino- 
1,2, 4-triazole), 

liLJioiSjjjS ( jjii3jjij- , 4‘4‘ , 3‘3) 

-4‘2‘1- jjiol (jilii-5‘3- 

( j4 J 1 

Poly[3,6-bis-(3,7-dimethyloctyloxy)-9,9- 
spirobifluorenyl-2,7 - vinylene] , 

JAia ^Uj-7‘3)- o^j-6‘3] 

[ -7 i 2- -9‘9-( 

Poly(bis- 1 ,2,4-tri azole), 

( Jjj1jjj-4‘2‘1- (_>*uj) 

Poly( 1 ,4-butylene sebacate). 

( dil£Luj-u jj-4‘1) J 

Poly(butylene terephthalate). 

((jjlujJI Jjj 

Poly-y-carbazolylethylglutamate, 

diLdtj jlc. JAjI -y- 

Poly[2-(carbazol-9-yl)-5-(2- 
ethylhexyloxy )- 1 ,4-phenylene vinylene] , 

J^£a JAJ -2)-5-( JJ -9- J ljjbjlS)-2] J 

*[ jJjjia (jjhtrt -4‘l-( jjuiSjl 

Poly [2-(carbazol-9-yl)- 1 ,4-phenylene 
vinylene], 

[ jjiiia ,jJjiia-4‘l-( JJ -9- Jjj4j^)-2] Jjj 

Poly(carbonate), 

(cUjjjS) Jjj 

Poly(chloro-p-xylylene), 

( aAA -p- j j 

Poly(cyclohexylenedimethanol 

terephthalate), 

dlVtii jjJJjj 

Poly ( dibromostyrene). 

( lWjA- J-JJJ JjJ 

Poly(dichloro-p-xylylene), 

( uAAj^-p- jjA 5 Jjj 

Poly(9,9-dihexylfluorene), 

(tikuA* ^Lu-9‘9) Jjj 

Poly(9,9'-dihexylfluorene-2,7- 
divinylene-m-phenylene vinylene-stat-p- 
phenylene vinylene). 

^lii-7‘2- Jjj 

( jJjiia <jAuja -p- stat - (jjhia (jAuj® -m- jJjjja 

Poly(2,5-dimethoxy- 1 ,4-phenylene 
vinylene), 

( (jjhnMd- (jjljj-5‘2 ) JjJ 

Poly(2-(N,N-dimethylamino) phenylene 
vinylene), 

( (jjluia jAmi ( jiwl Jjjao ^jljj-N‘N)-2) JjJ 

Poly(2-dimethyloctylsilyl)-phenylene 

vinylene. 

(jjljn'q -( (JAiui JjA jl -2) ^ jj 

Poly(9,9-dioctylfluorene), 

( uuA® a^sj ^lu-9‘9) Jjj 

Poly(9,9-dioctylfluorene-co-fluorenone), 

- tSl jiio- (jjjjla JjjSjI ^jjlju-9‘9) Jjj 

( uAuA* 

Poly(4,4'-diphenyl ether-1, 3,4- 
oxadiazole). 

-4‘3‘1- jjjI -'4 ‘4) 

( cJj j! 

Poly(2, 6-diphenyl- 1 ,4-phenylene oxide). 

( jjjlmall aijjiS jl -44- Jiua ^lu-6‘2 ) Jjj 
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Poly(2, 6-diphenyl- 1 -4-phenylene oxide). 

( (jjlmall JjjjS j! -4-1- -6 ‘ 2 ) Jjj 

Poly(dithiathianthrene), 

y* i ^-“) iJjj 

Poly(2-dodecyl-p-phenylene), 

( (jjlyn 3 ! - IjL- j^-2) 

Poly(N-epoxypropyl)carbazole, 

( -N)) Jjj 

Poly(ether ether ketone). 

(ui^ A' j y) 

Poly(ether imide). 

( 4 ^! 

Poly(ether ketone), 

(a 

Poly(ether nitrile). 

(Ujj^ M) 

Poly(ethersulfone), 

(uj^ J4j]) Jj*? 

Poly(ethylene- 1 ,4- 
cyclohexanedimethylene arylate), 

(COiJ 

Poly(3,4-ethylenedioxythiophene), 

( -4‘3) Jjj 

Poly(ethylene glycol), 

(JjfLilc jJjjjl) JjJ 

Poly(ethylene glycol diacrylate). 

^j\jj (J 

Poly(ethylene naphthalate), 

(jJiiiVI CjVljij) JjJ 

Poly(ethylene oxide), 

(jJjJjVI ALuiSji) JjJ 

Poly(ethylene terephthalate), 

CliVtiajj) Jjj 

Poly(N-ethyl-3-vinylcarbazole), 

( JjjljjLS J^-3- Jib) -N) Jjj 

Poly(furfuryl alcohol). 

Jj^) Jjj 

Poly(l-hexyl-3,4-dimethyl-3,5- 

pyrrolylene). 

-5*3- (jjlu-4‘3- -1 ) Jjj 

( 

Poly(3-hexylthiophene), 

Jj^Sa-3 )Jjj 

Poly(imide), 


Poly(2-methoxy-5-(3',7'- 
dimethyloctyloxy)- 1 ,4-phenylene 
vinylene), 

JjjSjI Jiiia -'7 ‘'3)-5- t^-^jij^-2) Jjj 

( tjjhjia (jjinrt-4<l-( 

Poly(2-methoxy-5-(2'-ethylhexyloxy)- 
1, 4-phenylene vinylene). 

(Ja*jAa ~2)-5- jIlg -2) 

( ijAxus t j ; iLilia-4‘l-( jl 

Poly(methyl-bis-(3-methoxyphenyl)-(4- 

propylphenyl)amine)siloxane. 

^o^jIlo-3)- tjM ±' j- 

(jlxA jllto) ( (ja-ol ( 

Poly(methyl methacrylate), 

^ jj 

Poly(2-methyl-5-vinyl)tetrazole, 

Jjjl JJJ ( J^ba-5- JAlo-2) JjJ 

Poly(l,5-naphthylene vinylene), 

( jjtiii-5‘i) jjj 
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Poly( 1 ,3,4-oxadiazole), 

(JjjljjL-Sj-4‘3‘1) Jjj 

Poly( 1 ,3,4-oxadiazole-2,5-diyl- 1 ,2- 
vinylene), 

(jjlu -5 ‘2- Jj jUjLaS J -4‘3 1 1 ) Jjj 
( (jjldu-2‘1- Jj] 

Poly(4,4'-oxydiphthalic anhydride- 1.3- 
aminophenoxybenzene-8-azaadenine), 

j!nJ\ -3‘1- ^J\ -'44) Jjj 

( j> -8- OiJV LS^ 

Poly(oxyethylene), 

(cjAA?} 

Poly(oxymethylene), 

(uAA 1 

Poly(pentylene terephthalate), 

(jjjlnijl) Jj ) JjJ 

Poly(phenazasiline), 

(jA“U^) iJjj 

Poly(2(3)-(4-phenylbutyl)- 1 ,4- 
phenyleneethylene), 

(jJjjJ jjLid-4‘1- Jiijj Jjjj3-4)-(3)2) Jjj 

Poly(p-phenylene), 

( Jjj 

Poly [ 1 ,4-phenylene- 1 ,2-di(4- 
benzyloxyphenyl)vinylene]. 

JjjL-4) ^Ijj-2‘1- u^4^"4 c 1] 

[ ( Jdia 

Polylphenylene ether), 

(uAA 1 ^ _>“] ) 

Poly( 1 ,4-phenylene ether sulfone). 

( jjihj jjj] jJjlia-4‘1) Jjj 

Poly(p-phenylene ethylene), 

( uA^-p) 

Poly( 1 ,4-phenylene ethynylene). 

( jJjjjjl jJjjja-4‘1) Jjj 

Poly(p-phenylene ethynylene), 

( uAA! jA^-p) 

Poly(m-phenylene isophthalamide), 

(jjJ JUajjjl jjLjJ-m ) Jjj 

Poly(p-phenylene methylene). 

( uAA 1 uA^-p) 

Poly( 1 ,4-phenylene-methylsulfonium- 
l,4-phenyleneamine)methylsulfonate. 

qAxu* -4 fc 1- (j \ L nfl -4 4 1 

dll j jjL-U J JJ. x ^ i 4 

Poly(p-phenylene- 1 ,3,4-oxadiazole), 

( Jj jljjLjiSji -4‘3‘1- jJjjji-p) Jjj 

Polylphenylene oxide), 

((jjl/nqll .lixd ji 

Poly(m-phenylene sulfide). 

( auLj jJji^-m) Jjj 

Polylphenylene sulfide). 

( Qilynqli Aiilui ) 

Poly( 1 ,4-phenylene sulfide- 1 ,4- 
phenyleneamine). 

jAiha -4‘ 1 - AiiLai qAx \\°i - 4 i 1 jj 

Polylphenylene sulfide-phenyleneamine- 
phenyleneamine), 

giljiy - ajAL-) jjlynq) 

Poly(p-phenylene sulfoxide). 

( AixdjiLai (jAiiia- IjL) 

Poly(p-phenylene terephthalamide), 

( JioVlj2jJ jJjjji-p) Jjj 

Poly(p-phenylene vinylene). 

( uA^-p) 
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Poly(phosphoric acid), 

( j ' jill 

Poly(phthalamide), 

( jjJ Jtia) Jjj 

Poly(propylene), 

( 

Poly( 1,3-propylene 2,6-naphthalate), 

( LiiVtiij-6‘2 jjiujjj-3‘1) Jjj 

Poly( 1,3-propylene terephthalate), 

( jj ui^JJJ-3‘1) Jjj 

Poly( py ridopyrazi ne vinylene). 


Poly(p-pyridyl-vinylene), 

( - cWj^-p) Jjj 

Poly(pyrrole), 

( Jjj^) 

Poly(styrene), 

( 

Poly(tetrafluoroethylene), 

( LwW^jjjla ^'jj) JjJ 

Poly(tetramethylene ether) glycol. 

JjSJc. ( Jjjj {jAni* ) Jjj 

Poly(tetramethylene ether glycol 
terephthalate), 

( jjjJ (jAm-a Jjj 

Poly(tetramethylene glycol), 

( ) cAs) 

Poly(p-thienyl vinylene). 

( j4) 

Poly( 1 ,2,4-triazole), 

( Jjj'jj^^l) JjJ 

Poly( trimethylene terephthalate). 

( (Jj'/'J*" ijj ) Jjj 

Poly(urethane), 

( lAujH) 

Poly [ 1 -(4-vinylbenzoyl)-5-amino- 1 ,2,4- 
triazole]. 

-4‘2‘1- Jjjjjj Ji4P-4)-l] Jjj 

[ 

Poly [3-(4-vinylbenzoyl)-5-amino- 1 ,2,4- 
triazole]. 

-4‘2‘1- ji±*\-5-( J4^~4)-3] Jjj 

[ Jj 

Poly(vinyl butyral), 

(J jA*? 

Poly(N-vinylcarbazole), 

( J^-N) Jjj 

Poly(vinyl chloride), 

( 4;' j ) J jj 

Poly(vinylidene fluoride). 


Poly( 1-vinylnaphthalene), 

( (Jjjja-1) Jjj 

Poly(3-vinyl- 1 ,2,5-oxadiazole), 

( l)j -5‘2«1- Jma-3) 

Poly(vinyl phenanthrene). 

( lh J“4^ ) Jjj 

Poly(vinylphenol), 

( J Jap ) J jj 

Poly(vinyl pyrene), 

( OiJ* 1 JjiA) yJjJ 

Poly (N - viny 1-2-pyrrolidone ) , 

( uj-^jj^- 2- d^-N) Jjj 
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Poly( l-vinyltetrazole), 

( cJjj'j 2 Jj^-1) 

Poly(5-vinyltetrazole), 

( cJjj' 2^-5) Jjj 

Poly(3-vinyl- 1 ,2,4-triazole), 

( 2 ijjW_P"4‘2‘l- Jjj^i-3) Jjj 

Poly(vinyltri azole), 

( cljj'jjj J"£) Jjj 

Poly(p-xylene), 

( u^j£-p) Jjj 

Poly(p-xylylene), 


Potassium tert-butoxide. 


Potassium fluoride, 

^ j ^ j 

Potassium hexatitanate. 

UaiLj^iII dlLilluj -L-0 

Potassium iodide, 

^ J 2_1 ^ ^ 

Potassium octatitanate. 

^ jJjojLj ^11 djUljJJ ^gjLaJ 

Potassium phthalimide, 

(JUa 

1,3-Propanediol, 

djj^ uWjjj-3‘1 

Propylene glycol monobutyl ether. 

cjii (J jftjlc. jljj 

Pyrazoloquinoline, 

qA ~(jA joj 

4-(l-Pyrenyl)butyl vinyl ether. 

JJjj - 1 )-4 

Pyridine, 

UJ4iJ£ 

2-Pyridylamine, 

JjAjjoj-2 

Pyromellitic acid. 


Pyromellitic dianhydride. 

c4fn\i^ j jaj .Is 

Quinacridone, 


8-(Quinolinolate)-aluminum, 

-( CjV jjJ ^i£)-8 

p-Quinone, 

jW 

Resorcinol. 


Resorcinol diphosphate. 

J dilijajja 

Rubrene, 

OLHjJ' 

3-(N-Salicyloyl lamino- 1 ,2,4-triazole, 

cJj j^jj-4‘2 4 1- jii-4 ( djjb^.)^ -N)-3 

Sebacic acid. 

< . nl < < ■ n 

Sebacyl chloride, 

(JjjalliluJ 

Silicone nitride. 

Ajjoj 

Silicotungstic acid, 

Vi ‘ 11 ^ 

Sodium acetate. 

^jvl J. t ** tl t ■ ui 
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Sodium antimonate, 

^ J) dAi J),Q j ) )' 

Sodium azide, 

Aj^l 

Sodium benzoate. 

jjh 

Sodium bicarbonate. 

a jjJ jA-all dslj 

Sodium borohydride, 


Sodium chlorate, 

djl 

Sodium hydride, 

^jl tA Aj^)AaA 

Sodium hydrogen sulfide. 

(^J^j^AjA AaiLoj 

Sodium oxalate. 


Sodium saccharinate, 

jA j dlUjjl^Loj 

Sodium sulfide, 

ajaAjj c ~ ^ ^ ^ ^ ^ \ 1 

Stearic acid, 

dLjUloill 

Stearyl alcohol. 

(Jj jljiuJ (J 

Styrene acrylonitrile copolymer. 

til jlduQ J} 

Styrene buadiene styrene block 
copolymer. 

(jjlpljjj (jjjiLa) C - \°\ *"\W liljliAua 

Styrene/glycidyl methacrylate. 

^AAxALAc-V^jjjjluj 

Suberic acid. 

dJjjl jl 

Succinamic acid, 

i A \ w ^ , .1 \1 ^ ua^cL^. 

o-Sulfobenzoic acid, 

dA j^ij^aLui -O 

Sulfonated poly(ether ether ketone). 

(uj^ J“! J4)ls^J? 

3,3'-Sulfonyl bis-(6-fluorobenzene 
sulfonic acid) disodium salt. 

( dlljjiiuj 

3,3'-Sulfonyl bis-(6-hydroxybenzene 
sulfonic acid) disodium salt. 

jAja -6 (ja±i (JdjiLqi- r 3t3 

^jja 

Sulfonyl chloride. 

AjjjK 

Sulfur tetrafluoride. 


Sulfur trioxide, 


Sulfuryl chloride. 


Tannic acid, 

dLulUll 

Terephthalaldehyde, 

aiajII J tiijj 

Terephthalic acid. 

dAHAajj ^jAxa^. 
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Terephthaloyl bislaurocaprolactam. 

j jjl£j jj] jA] 

Terephthaloyl chloride, 


Tetrabenzyl perylene-3,4,9,10- 
tetracarboxylate. 

^Lj- 10‘9‘4‘3- dA^ 

Tetrabromocyclooctane, 

jjljSjVl 

Tetrabromovinylcyclohexene, 

^bj 

Tetrabutylammonium bromide, 

f Jjjj-ol (JjuA 

Tetrabutylammonium perchlorate. 

^ ,jjj j-d Jjj jj eld 

Tetra-n-butylammonium 

tetrafluoroborate, 

Jjj^-n-^^c-bj clil 

3,3',5,5'-Tetra-tert-butyl biphenol 

Jjjjiu Jjjjj- d jj - iS c.'Lij-'5‘5 i '3‘3 

Tetrabutylphosphonium bromide, 

AjOJ 

Tetrabutyl titanate. 

diUlljj 

1 , 1 ,2,2-Tetrachloroethane, 

(jlljVI jjK ^clij-2‘2‘1‘1 

Tetrachloroisophthalodinitrile, 

Jjji} jllji jjjjjjjK ^bj 

Tetrachloromethane, 

ijlidll ^bj 

Tetrachlorophthalodinitrile, 

Jjjjj jlliajjjK 

Tetracyanoethylene, 

i jA±n^\ jjljjai 

Tetracyanoquinodimethane, 

(jliu-a AA AA* 1 

Tetraethyl lead, 


Tetrafluoropropanol, 

^bj 

2,2,3,3-Tetrafluoropropyl methacrylate, 

Jjjjjjjjjla ^gC.Lj-3‘3‘2‘2 

Tetrafluoro-p-xylene, 

tjjLjS-p- jjjla ^bj 

a , a , a ' a '-Tetrafluoro-p-xylylene, 

tjJJjjS-p- jjjla udij-wawa 

Tetrahydrofuran, 

Jjjjjjjj* y-obj 

Tetrahydrothiophene, 


Tetramethylammonium hydroxide. 

(Jjjjj -lU^ 

1 ,2,4,5-Tetramethylbenzene, 

Jjid ^-c.bj-5‘4‘2‘1 

3,3',5,5'-Tetramethylbenzidine, 

<jdj4 JAui 

3,3',5,5'-Tetramethyl-2,2-bis(4-(4-amino- 

phenoxy)phenyl)propane. 

(jau-2‘2- LS ^^j-'5‘5 i '3 i 3 

jbj^>j[ Jd2( j^dS jilS- jdd -4)-4] 

3,3',5,5'-Tetramethyl-bis[4-(4- 

aminophenoxy)phenyl]sulfone. 

l ^uj - bdA C5 £-Uj- / 5‘5 t/ 3 4 3 

(j jilui [ bdA ( a^ Ad -4) -4] 
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Tetramethyldiphenyl quinone. 

(jji£ 

2,3,5,6-Tetramethyl-l,4- 

phenylenediamine. 

jjJ jjLjji - 4 ‘ 1 dAt- 11 ^rij-6‘5‘3‘2 

Tetramethyl-p-phenylenediamine, 

ijAal -p- j 

2,2,6,6-Tetramethylpiperidine-N-oxyl, 

d^“£ jl -N- (jjJjjau dAt-a ^Ijj-6‘6‘2‘2 

2,4,5,7-Tetranitro-9-fluorenone, 

jjijjjla-9- jjjj ^cIjj-7‘5‘4‘2 

2,4,5,7-Tetranitroxanthone, 

(jjjiLjiS jjij ^c-Ijj-7‘5‘4‘2 

Tetraphenylbenzidine, 

d^ 

5,6,11,1 2-Tetraphenylnaphthacene, 

)(jn‘il~iVi d^ ^Ijj-12‘11‘6‘5 

(4,4'-Tetrazolyl-4"- 

methyl)triphenylamine. 

(jxal JJjjl J2-'44) 

2,2-Thiodiethylenebis[3-(3,5-di-t-butyl- 
4-hy droxypheny 1 Ipropionate] , 

-5^3)-3] j^-2‘ 2 

[ diljjjjjjj( (Jolja -4- (Jjjjj- CjJj- 

Thioglycol acid. 

(J j^Jc- jjjll 

Thionyl chloride, 


Titanium tetraisopropoxide. 


m-Toluenediamine, 

^^jIjj (jjjljj 

Toluene diisocyanate 

(jjjljjll djULbaij jjj 

p-Toluenesulfonic acid. 

t filial (_jj^I “P 

o-Toluidine, 

^jj J jj] Jj -0 

Tolyltriazole, 

djjLjjJ d^ljJ 

2,4,6-Triamino- 1 ,3,5-triazine. 

(jjjUjj-5‘3‘1- jiw! ^lilj-6‘4‘2 

1,2,4-Triazole, 

djjrijj-4‘2‘1 

Tri-n-butyl phosphite, 

Cluiuj Jjj jj -n- 

1 ,2,4-Trichlorobenzene, 

aijjj jjjIS ^iX-4‘2‘1 

1,3,5-Trichlorobenzene, 

ulw (jj51j-5‘3‘1 

2,3,6-Trichlorobenzonitrile, 

djJijj_>jj jjjIS ^piilj-6‘3‘2 

3,5,6-Trichloro-4-chloroformyl phthalic 
acid. 

di^ jj3jjj1£-4- jjjiS ^X-6‘5‘3 

t-4 

3,5,6-Trichloro-4-chloroformyl phthalic 
acid anhydride, 

^gj^j-6‘5‘3 

iMjS (Jj-a j J -4- jJjK 

Trichloroethylene, 

(jjlujyi jjjis 

Tricresyl phosphate. 

dllijaljiil Jj jj^)£ 

Triethanol amine, 

tjj-al (Jjjljjj 
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Triethylamine, 

(j±*\ JAjj 

Triethyl phosphate, 

diiioj js\\ cJAj] 

Trifluoroacetic anyhdride, 

AjjAi^il — jjjla pLa 

<**< < . "i 

Trifluoromethanesulfonic acid. 


(4-(4- 

Trifluoromethyl)phenoxyphenyl)hydroqu 

inone, 

-( Jjjja ji^-( J jjjls 

4,4'- 

(Trifluoromethylphenylisopropylidene)di 

phenol. 

jjjla -'4‘4 

jjJ- 

4,4'-(2,2,2-Trifluoro-l- 
pentafluorophenylethylidene) diphthalic 
dianhydride. 

-1- jjjla ^JxXi-2t2t2)-'4i4 ajja^I 

3,4,5-Trifluorophenylsulfonyl benzene. 

( jjJpj ^^j-5‘4‘3 

Triiron dodecacarbonyl. 

aja^. 

Trimellitic acid. 


Trimellitic acid anhydride. 

tiimLftii a^ja^i 

Trimethylamine, 

JAl* 

Trimethylchlorosilane, 

(j^Lixu jjji£ 

2,2,4-Trimethylhexamethylenediamine, 

^^Iauj (JAlo -4‘2‘2 

2,4,4-Trimethylhexamethylenediamine, 

^Lu qAxXXA ^^joiIAuj (JAi* -4‘4‘2 

2,4,6-Trimethyl-3-nitroaniline, 

jjlul jjij-3- JAlo -6‘4‘2 

2,3,6-Trimethylphenol, 

J jjja JAlo ^pilj-6‘3‘2 

2,4,6-Trimethylphenol, 

J jjA JjAa ^pitj-6‘4‘2 

2,4,6-Trimethyl- 1 ,3-phenylenediamine, 

(jiol (jiUj jjluja -34- JjAa ^^iAlj-6‘4‘2 

Trimethyl phosphate, 

(JAia diliujja 

Trimethylsilyltributyltin, 

jjAi^aj .Jjj jj cJ..vlujj JAlg 

l,3,7-Trinitrodibenzothiophene-5,5- 

dioxide. 

^u-5‘5-o*ji> jJw^IA jjjj ^^iAlj-7‘3‘1 

iuAjSn 

(2,4,7-Trinitrofluorene-9-ylidene)- 

malononitrile, 

Jj -( jjjoL-9- ^^j-7‘4‘2) 

2,4,7-Trinitro-9-fluorenone, 

jjlijjla-9- jjli ^gjX-7‘4‘2 

2,4,8-Trinitrothioxanthone, 

^jSjLAjJJ JJAJ JSLj-8‘4‘2 

Trioctylamine, 

(jxal 

Trioxane, 

jLAjjjj 
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Triphenylamine, 

(jxal 

1 ,2,3-Triphenylbenzene, 

jjjij Jjjja <jj61j-3‘2‘1 

T ripheny lme thane , 

(jlfu-a 

Triphenylmethanol. 

(J jjlllA (Jdia 

Triphenyl phosphate, 

Cliliuj jill ^ma 

Tripheny lphosphine , 


Triphenylphosphine oxide. 


Triphenyl phosphite. 

Cluixjoja (Jdia 

Tris-(8-hydroxyquinoline)-aluminum, 

-( (jjljjj£ ^jai^jjdA -8)- 

Tris(l-phenylisoquinoline) iridium, 

f Jj JU jj) ( jj] jil£ J jjj Jjjja - 1 ) JJJJ JJ 

Tris(3,4,5-trifluorophenyl lphosphine 

(jjjiwo ja( Jdia jjjia ^p^-5‘4‘3) 4 ^^ j' 

oxide. 

1 , 1 . l-Tri-(p-tosyloxymethyl)-propane, 

jljjjj-( JAi* ( -U UJ J^ _ p) _ ^^j-1‘1‘1 

Truxene, 

jj 

Tungstophosphoric acid, 


Vinylbenzoate, 

(JjVfoll dil j jjj 

1 -(4- Vinylbenzoyl)-5-amino- 1 ,2,4- 
triazole, 

JjjUjj-4‘2‘1- jiwl -5-( Jjji-4)-l 

4- V inylbiphenyl, 

j <*< <Q < \ j < *< <0 _4 

N-Vinylcarbazole 

(JjjljjLS Jjjia-N 

N-Vinyl formamide. 

juaI ^ jja jdjS-N 

9-(2-Vinyloxyethyl)carbazole, 

JjjljjlS( JAjI Jjjia-2)-9 

9-(4-Vinylphenyl)anthracene, 

(jjj-ul jajl ( Jdja ciH^-4)-9 

N-Vinylphthalimide, 

d-ajj Jlaa (JdjS-N 

N-Vinyl-2-pyrrolidone 

jjjJj j±i -2- -N 

1 - Vinyl- 1 ,2,4-triazole 

J jjljjj-4‘2'1- 

4-Vinyltriphenylamine, 

jxal Jjjja Jma-4 

Wollastonite, 

dllijJj-uV jj 

p-Xylene, 

jW 

2,6-Xylenol, 

JjjjLjS -6 >2 

p-Xylylene diacetate, 

jj]jljj£ — 1 jb d jld 

dild-uVI ^Uj jjiiLij^-p 

m-Xylylenediamine, 

jjJil Jjj (jJjiijS-m 
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p-Xylylene dipropionate 


Zinc acetate, 


Zinc chloride. 

c-ljj jlll AjjjK 

Zinc oxide 


Zinc phthalocyanine, 

jilll (j^LijoijlUa 

Zinc p- toluene sulfonate. 

t Ijj j!ill CIjU jiLat jj -p 

Zirconia, 
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Zwitterion 


Birefringence 

^m£ll ^Ujl 

Antibodies 

ojl a si a ^a\ aai'n! 

Polarized light microscopy 

L \ jl ^ 1 

Dealkylation 

JjklVI All jj 

Debutylation 

(Jjj _^ 11 <11 jl 

Decarboxylation 


Dehydration 

*U1 <11 Jl 

Dehalogenation 

<^1 <ii ji 

Azeotrpe 


Asbestos 

(dljl_Lal) ^ jluLbulV 1 

Extraction 

^_y a^l<“u*il 

Tensile Elongation break 

jLi^jVl Aic. -i^ill <11 3 Vuj.i1 

Tensile Elongation yield 

jjJa^Jl .lie. AjoiII <lllaU 

Acetylation 


Leaching 

I^ILojI 

Fluidized beds 

<*IiA-<lll 0^)ja)Vl 

Flammability 

AaIUI^VI 

Metathesis 

<IaUJL ^LlLa-»-ial 

Synthesis 

C — ^Lllaj-al 
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Chiral phases 
Pervaporation membranes 
Membranes 


A a\ -WiS jljjal — jl jjal 

^ j' 1 . ^ Aiiil A 

^ A \ '1 q" 1 j | ^ ^ t .-J ft 4_i | 

Exciplexes sji* L * Vq» a * n^\ \ \ t 

Excitons i_i dilj jli ■ a£] 


Excimer 

Electron affinity 

Water affinity 

Alkynylation 

Electrophile 

Alkylation 

Fibers 

Prepregs 

Mechanism 

Hopping mechanism 

Aliphatic 

Alicyclic 

Adsorption 

Stoichiometric coefficients 
Optimization 
Transamidation 
Amination 

Enthalpy of crystallization 
Diffusion 
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Swelling 

Solubility 

Proteolytic enzymes 
Photocuring 
Post curing 

Adiabatic compression 

Delamination 

Photorefractivity 

Crown ethers 

Isotactic 

Isomer 

Geometrical isomers 
Transimidization 
Twin screw extruder 
Initiators anionic 
Spraying 
Substitutes 
Bushings 
Anhydride 

Homopolymerization 
Anionic polymerization 
Polycondensation 
Polycondensation 
Thermal polymerization 
Photopolymerization 
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Cationic polymerization 

4-ij jjjI£ 

Bulk polymerization 

A */S ^ A \ \ 

Liquid crystals 

A-idLol 

Crystallite 


Photorefractive polymer 


Hyperbranched polymer 

\x j!a\\\ (jjli 

Statistical copolymer 


Thermo sets 


Herbicide containing polymers 

A \ \ J’\Cl l” \ 1 A jxa i l ** <1 

Living polymers 

<1^, dil 

Dendrimers 

< \* /in 11 

Polyelectrolytes 

A \ \ ^ l" <1 ^ \ a \ 

Conjugated polymers 

Aisl JLA dll jXti] 

Heterocyclic polymers 

dlilaJl dl jjaiIjj 

Copolymers 

dl^La-il 

Random Copolymers 

A \ \\ ^ ^ A* L ’* <1 ^ 1 A ^ 

Block Copolymers 

C-lfiljtlill A jud »a dll^J-ajl^J 

Alternating Copolymers 

AjjLiLo dl^lAll 

Graft Copolymers 

4 ax da dl^ixu] 

Photoluminescence 

CJ^ 2 

Fluorescence 


Phosphorescence 

lS jjLuji (jlu 

Electroluminescence 

cA-A A 2 

Crystallization 

j_A 

Drug release 

&\ j^\\ 
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hydrolysis 

Ag.<a\*dl — e-ldLa 

Pyrolysis 


Self-propagating thermolysis 

jLlliVI j ij jl js. 

Photolysis 


Elemental analysis 


Etching 


Ion etching 


Thermal degradation 


Amphoteric 

< iAjJLLo — 

Field effect transistors 

^ dlj dal 

Terpolymers 

Adjld* dl jj-d dl jxd jjjj 

Sputtering 

.Ipjj 

Ultrafiltration 

(Jjli 

Microfiltration 


Shear thinning 


Vitrification 


Crosslinking 

^ ^ ill . ^ A 

Polydispersity 

A_a^iAil^jj A_addj 

Impregnation 

t__aj^da 

Micromachining 

cJ-axdj 

Thermoforming 

l 5 jl 

Stress-cracking 

^Aj-£3J 

Dialysis 

Adldc. Aaiuaa 

Electrophotography 


Xerography 
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Intercalation 




Fatigue 
Encapsulation 
Redistribution reaction 
Cyclocoupling reaction. 
Photochemical reactions 
Ageing 

Oxidative coupling 

Doctor blade techniques 

Exfoliation 

Nucleotide mimetics 

surface-mount technology 

Solution casting technique 

Sintering 

Electroplating 

Telomer 

photochromism 

Electrochromism 

Cohesion 

Isomerization 

Conformation 

Reverse osmosis 

Nucleation 

Electrophoresis 

Kinks 


i ijliu 
o-ilc-j Jc-lij 
dalflla. (j (Jc-lij 

r ** ^ f - 1 jj 








ClAjlij 

CjI Aj'uK A ilaj 

^ -V lu.ill 4 J V<T' 

^ J ^ 1 “v t ^ n ^ 4 >Vq < 

A ^ 

jl 

Ujk 

c^LoiL aJ 
l_i£Lqj 

(JIjIaI — L_l£Laj 

jiill 
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Compatibility 

cM'j 2 

Biocompatibility 

A \ ^ A /qq! 

Chemical vapor deposition 


Electrophoretic deposition 


Electrodeposition 


F unctionalization 

A \k\hj Icdila jj 

Photocurrent 

jlu 

Staple fiber 

^ ^y «ai > " ^y ic* t eilj A 1 a \ 

Femtosecond pulses 

10 15 ) dll x>i n 

Thermotropic 


Triplet 


Trimers 


Rigid 


Radical cation 


ppm 

(jjAdl (_j^a dja- 

Particle 


Microparticles 

d\ 

Nanoparticles 

t ** 4 a n la 

Gelation 

A V^l-N. 

Soxhlet apparatus 

duLoi^^joi 

Matrix 

4_bJal_^. 

Microcapsule 

dlisiSL^. 

Ground state 

A nJ ■ ij A \\ ■*>. — A A 11 -». 

Excited state 

S^jliLo a!\^. 

Chromophore 

jjijAjjZ lUU. 
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Detection limit 




Optical data storage 
Macrocycles 
Messenger RNA 
Heteropolyacids 
Nucleic acids 
Space charge 
Surfactant 

Anti-fouling properties 
Degree of polymerization 
Heat deflection temperature 
Sticking temperature 
Heat distortion temperature 
Orientation temperature 
Stents 

Oxygen index 
Waveguide 
Dimerization 
Oxidative dimerization 
Dimer 

Light-emitting diodes 

Dioxins 

Resins 

Thermosetting resins 
Racemic 


A d dlii^. 
Jlui lSjjj i _ y =^- 
3^Axd 

jjjj 

dl_ljJajdi]l jdl 3-lll kS-LA ^ual 

(_£jl^)^ll dl^dVI 3 jl 
JjjJjll 

(_£^)I^)^-II ajjaull 3^)1^)^. A 
4_i^,j3ll 3 jl 

(AajjojI l" il ^ \xA) dLAc-J 
£j)I\ cJJj 
(JJb 

3Ajoi^^-o 3^-ojJ 
(dljj-dlii) 

£ Jjdil dlj^d 

(<LaLal uL^J^j dl \\xx) < \ jjJ 

dldjl j 
a\x^>‘i 1I dl ^ nl 

LS-^'j 
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Tetramer 


(cllljj/iljjj) Cljl JJ »;r-Uj 


ligand 

A 

Retro-reflective 

j 

Foams 

CjL jC. j 

Anchor groups 

£.La)j] J-aj 

Photochromic groups 

^iLa jaj 

Pendant group 

A \\X\A J) 

Chromatic aberration 


Brightness 

^ 1 1' 

Side Chain 

4 \ \ j\ -x. 4 \ l . n 

Backbone 

4 ^ ii j 4 \ k v\ \ i 

Main chain 

4 1 \ \ 4 AAjJ 

Dry process 

AiL^. 

Wet process 

4 llxa 

Silylation 

4 U u n 

Syndio tactic 


LCD projectors 

4 \ k t'\i jjiAl c iLk A 1 *' 

Networks 

i *a! ^ .*.* 

Interpenetrating networks 


Diffraction grating 

4^ uVi 

Brass 

4_ulill 

Preform 

JJ 

Dopants 


Solvent casting 

v uAxJl c u,o 

Spin casting 

C - U/i 
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Casting 

l iCu 4 1 

Notched Izod Impact 


Scavenger 


Formulations 

L ** p .1 ^ . --I 

Adduct 

4 a\ A 1 >> 

Actinic light 

l \ L i\ \ A £, ^ L 

Screen printing 

^C-Llla 

Photolithography 

4 \ s ^ t 4_u * ■ A 4 c", 1 > 

Flexographic printing 

A_iSl 4_C.I_ila 

Ink-jet printing 

^ >-n. \1 (, ** >q'< 4 r -1 ^ )-» 

Reflective layers 

4 ■ Q 1 1 -» 

Anticorrosion layers 

4_>ajliLa CllLilla 

Powder coatings 


Electroless plating 

(lW^) y ?^ 3 

Dip-coating 

illj Ua 

Spin-coating 


Meso phase 

( jj. **) yr^J JJ ^ 3 

Chain transfer agent 

4_LuiLuill Jlfljjl 

Chelating agent 


Compatiblizing agent 

(_Ulc 

Dissipation factor 


Charge transporting agent 

A KuH (Jslj 

Percolation threshold 

4_iiC- 

Aggregates 

AjsLic. 

Blocking agents 

jUaa .1 (J-al jc- 
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Mold release agents 

L—lllall 

Capping agents 

A llnJM 

Blowing agents 


Quenched sample 

4 ua . ■' ^ 

Defects 

L_1 jJC. 

Spinning 

Jjt 

Electrospinning 

J jp- 

Fullerenes 

CjUj 

Medium carbon steel 


Miscibility 


Deep drawability 

(_3_LaC. L 4_liA£ 

Chain scission 

4 \ t >' \ t i' 11 ^ 

Core-shell 

L_iSla— c_ila 

Switches 


Dielectric strength 

J j*l! Oja 

Stretch blow molding 


Injection molding 


Blow molding 


Thermoplastic molding 


Cyclic voltametry 


Differential scanning 
calorimetry 


Thermogravimetry 

ur'jj L>“^ 


aXIJ. 


'■' l * y k jjLoj^}£ 


Hydrophobe 

Carbonylation 

Size exclusion chromatography 
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Inverse gas chromatography 
Moiety 

Quantum efficiency 

Turn-on voltage 

Redox potential 

Open-circuit voltage 

Biased voltage 

Ferroelectricity 

Electronegativity 

Electret 

Electrolyte 

Electroplexes 

Electromer 

Anisotrope 

Optical nonlinearity 

Amorphous 

Welding 

Reflow soldering 
Inherent viscosity 
Intrinsic viscosity 
Adhesives 

Printed circuit boards 

Lyotropy 

Ductility 

Fibril 
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Intermolecular 


Prepolymer 

Aqua regia 

Supercritical fluid 

Solute 

Precursor 

Analyte 

Adsorbent 

Hole-transporting material 

Donor-acceptor 

Gaskets 

Photoinitiation 

Spacers 

Flame retardants 

Luminophores 

Toughness 

Multifunctional 

Reagent 

Acceptor 

Spherulites 

Isotrope 

Number average molecular 
weight 

Oxidative stabilizers 
Corrosion inhibitors 
Thrombin inhibitors 


yA L)H 

La 

tLs 

jja 

-L L-a*. ojLa 
A j3t alia jl AjLjLui dALg 
A 1A ^ ojLa 
Djlaa o jLa 

l_j jiiill 4_IaU ojLo 

dllxjLo 
£. ^ W < S^pL±<a 
Jj-al CjI JlC-Lua 
^111 djlA^-LQ 
ClilalllLo 
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Methylation 

A \ \\A 

Sensors 

dll 

Impedimetric sensors 

AjtjLa-il (JjAjS] dLai^-a 

Sensitizers 

i ^1 i in ^ A 

Catalysts 

dll 

Phase transfer catalysts 

jjJali Jiidl di 

Stock solution 


Sol 


Brine 


Sol-gel 

J 

Autoclave 


Extent of a reaction 

(Jolij ^»Aaj 

Protic solvent 

i£-* j£* ^ 

Aprotic solvant 

V <— is.l<s 

Anti-glare mirrors 

Si Ij1^)-o 

Quantum yield 


Blends 


Melt blending 


Implantates 

^dlc. j^ll) A laJl 0-uiil ^3 dlx. 

Lubricants 

dlal^o 

Decolorants 

Cji jN\ 

Interdigitated electrodes 


Electron- withdrawing 
substituents 

dlj jjS££dl dV Anm* 

Bulky substituents 

A * u,--v jl 4 , >> dV A n > >i .ft 

Emulsifier 

v il V*Uti,a 
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Host-Guest 


Working electrode 


Anode 


Antioxidants 


Elastomers 

L " \\ \ Vil -rt 

Quencher 


X-ray photoelectron 
spectroscopy 

A \ A \ m i nil A * 1 A a! \ Y-t a 

Capacitance transient 
spectroscopy 

AjuoiII 

Admittance spectroscopy 

4 llj ^ Q \\ A <1-1 A 

Impedance spectroscopy 

A_xjL<la] 1 A-i3\ 

Electron spin resonance 

(jj.Ujqll AjSLlJax 

spectroscopy 

Alkali metals 

Aj^la (jjl_x-a 

Alkaline earth metals 

^pLx-a 

Sulfurization 

4_^Jlx-a 

Processing 

A_^JI_x-a- iJjjujjJ 

Coefficient 

(_)-aLx-a 

Shear modulus 

(_)-al_x-a 

Friction coefficient 


Flexural modulus 

f. 1 WlV 1 (^J-alx-a 

Wear coefficient 

(J-alx-o 

Tensile modulus 

AjolII (^J-alx-a 

Modulus of elasticity 

Aj (.J aIxa 

Impact modifiers 


Rheology modifiers 

A_i^. CllV Axa 

Oxidation promoters 

oAjoi^VI djl^^x-a 
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Flow promoters 
Charge transfer complex 
Slurry 
Spinneret 
Synergistic effect 
Tortuosity effect 
Mesomeric effect 
Flexural Strength 
Flexural yield strength 
Compressive yield strength 
Peel strength 
Creep resistance 
Tensile strength break 
Impact resistance 
Shear strength 
Cis-trans 

Pyrotechnic composition 
Plasticizers 
Chain extenders 
Reactive diluents 
Cathode 

Polyelectrochromic materials 
Fillers 

Nanocomposites 
Hybrid materials 


dll j jx-A 
A w ^ 

^ ll la 

J j*-* 

(JjJtLa — JAAJJAA 

g.1 WtVl 

Aic. g.1 WtVl A-gjULo 
jjd^JI AdC- JaliuJadVi A-gjULg 

^i_g_^.VI kl 1 Vi 6 A-gjULg 

^Li^jVI Aic. dull a-gjULg 

Aj jlj dlj J^-G 
dlj-lLa 
aLUI dll 
<11x3 dl^A^-c 

* 

^^xIg dlj jl 

aIILg ^1 
A_J^jl_j Aj£^)-g jl 

A 1 1>^> ^1 _^-g 
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Compatibilizers 

dlUal j-a 

Parameters 

dAJajoij-a 

Photoconductivity 

4 \ \ ^ ^ 4 ^ S* 

Photo acid generators 

Id oda ^jJaj),a^ djl-ll^-a 

Macromonomer 


Comonomer 

t^l^Lda ^4-a^j^a 

Telechelic monomers 

dll ^La^j^a 

Hydrophile 

*U1 Jll. 

Resolution 


Enamels 

-N-N^La SjLa^ £.Lil<a 

Byproduct 

LSjtii gjh 

Nitration 

Ajjaj 

Tautomerism 


Aspect ratio 

AjAxj 4_id 

Contrast ratio 

JjUj 4_id 

Array 

l3^ 

Conduction band 


Valence band 

j3l£j (jUaj 

Band gap 

^4_jalia j3--i^,a (jLLaj 

Permeability 

Ajjlaj 

Softening point 


Smart windows 


Specie 

t * 

Nucleophile 

dll W kl\W (JlILa - (J-iS j_ii£ j_ij 

Carbon black 
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Particulate 


Electrophilic attack 

Hydrogenation 

Brittle 

Embrittlement 

Gel 

Silica gel 

Aerogels 

Holograms 

Hydrogels 

Singlet 

Mesogenic units 

Homojunction 

Heterojunction 


dal AjjaLSi al_iA 






t ^jiuA 


j\u*i 

4_ljI jA a 

djLal 

^Ia — (J^.jjAiA 




AlillLa ClkyL-saj 
A \ il jj, A \ i ^ 
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laJJ : 



Acceptor 

(JjSLa 

Acetylation 

A \ \ mi 

Actinic light 

l n jj\ \ a £, l 

Adduct 

A A Al's* 

Adhesives 


Adiabatic compression 

^ Jal x 

Admittance spectroscopy 

A A \ \-t a 

Adsorbent 


Adsorption 

xsiaA — JLal 

Aerogels 

AjjI jA CjLi 

Ageing 


Aggregates 

> Tail \cl 

Alicyclic 


Aliphatic 


Alkali metals 


Alkaline earth metals 


Alkylation 

aK1I 

Alkynylation 

aAujIII! 

Alternating Copolymers 

AjjLiLa A^^iiiaui 

Animation 

Ajj-al 

Amorphous 

jliUV 
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Amphoteric 
Analyte 
Anchor groups 
Anhydride 

Anionic polymerization 

Anisotrope 

Anode 

Antibodies 

Anticorrosion layers 

Anti-fouling properties 

Anti-glare mirrors 

Antioxidants 

Aprotic solvant 

Aqua regia 

Array 

Asbestos 

Aspect ratio 
Autoclave 

Azeotrpe 

Backbone 

Band gap 
Biased voltage 
Biocompatibility 
Birefringence 
Blends 

Block Copolymers 


A ojLo 
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Blocking agents 

jUaa.1 (.J-al jC- 

Blow molding 


Blowing agents 


Brass 

A \ t *T' \\ 

Brightness 


Brine 


Brittle 

<. 

Bulk polymerization 

A 

Bulky substituents 

A jl A diV ^ i“um^ 

Bushings 

dlUUaJ 

Byproduct 


Capacitance transient 
spectroscopy 

A A \o\ \ U A 

Capping agents 

A llaiu 

Carbon black 


Carbonylation 

aL°j£ 

Casting 

l iCn 4 i n.^ 

Catalysts 

dll 

Cathode 


Cationic polymerization 


Chain extenders 

kLaLdl dll Ada* 

Chain scission 

aXuiLuiII 

Chain transfer agent 

^Lullialll Jlfljjl 

Charge transfer complex 

A W dll (Jlailjl ,Vq« a 

Charge transporting agent 

A Knill (Jsli 

Chelating agent 
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Chemical vapor deposition 



Chiral phases 

A-j^l .tJVt'V jlal — jljJal 

Chromatic aberration 



Chromophore 



Cis-trans 



Coefficient 



Cohesion 


llLolLaj 

Comonomer 



Compatibility 


L^'jJ 

Compatibilizers 


dilia! j-a 

Compatiblizing agent 


(jaljj (J-alc. 

Compressive yield strength 


ddll AaC- JaliuJdVl A-a jls-a 

Conduction band 


A JjUd 

Conformation 


(JlllLal — L_l£LaJ 

Conjugated polymers 


Aial j!La dal jxaJ 

Contrast ratio 



Copolymers 


A^^ida dl^l-aji 

Core-shell 


i \\'i 

Corrosion inhibitors 


jktsii c " \\ \\a 

Creep resistance 

(jWV> * 

Id <LajULa 

Crosslinking 


^ \ L^\ \ \ CV‘l 

Crown ethers 


dljlal 

Crystallite 


6 JjL 

Crystallization 


jjifj 

Cyclic voltametry 


^9^ A jalaJl AdUal^ll (JjAj3 

Cyclocoupling reaction. 
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Dealkylation 

JjklVI *11 J) 

Debutylation 

(Jjj aJI Jij 

Decarboxylation 


Decolorants 

q \ jfrl 

Deep drawability 

(jj-lAC- t» 4_lLU 

Defects 

L_1 JJC. 

Degree of polymerization 


Dehalogenation 

a 11 <SI J|l 

Dehydration 

Al\j\ 

Delamination 


Dendrimers 

< lx uilH jjj djl^)-lA_l] 

Detection limit 


Dialysis 

jLaSI) A n\ Jl\CL 4 ^*\ 

Dielectric strength 


Differential scanning 
calorimetry 

<1a£ (JaIjS 

Diffraction grating 

a£lS d 

Diffusion 

j)\ 

Dimer 

(dll jjajjLjjJ jjajJ 

Dimerization 


Dioxins 

(<aLuJ AjLX^>a) luX Jjj 

Dip-coating 

\W-i ^ Ua 

Dissipation factor 

^-Llda (_JaLc. 

Doctor blade techniques 

ClAjlaj 

Donor-acceptor 

(Jj£iA — ^jIa 

Dopants 

k_jj| jd 
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Drug release 
Dry process 
Ductility 
Elastomers 
Electret 

Electrochromism 

Electrodeposition 

Electroless plating 

Electroluminescence 

Electrolyte 

Electromer 

Electron affinity 

Electron spin resonance 

spectroscopy 

Electronegativity 

Electron- withdrawing 

substituents 

Electrophile 

Electrophilic attack 

Electrophoresis 

Electrophoretic deposition 

Electrophotography 

Electroplating 

Electroplexes 

Electrospinning 

Elemental analysis 

Embrittlement 
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Emulsifier 


<■ _ Vi , u ^ 


Enamels 


Encapsulation 


Enthalpy of crystallization 

<_£^)I^)^JI LS JP ^ A ^ ~ ^ AA A-iillUjl 

Etching 


Excimer 

j\jl* 

Exciplexes 

O jliLo dll.Vq* A !(JjALujui£1 

Excited state 

o^jliLa 

Excitons 

L_l jSJ— dlU 


(dlUadj 

Exfoliation 


Extent of a reaction 


Extraction 

a^lVuJ 

Fatigue 

L_1*J 

Femtosecond pulses 

(Adlj 10 15 ) dil x>i Ti 

Ferroelectricity 


Fibers 

cjiLiii 

Fibril 

% 

l Q\\\ 

Field effect transistors 

(Jj-X-La djlj dll 

Fillers 

AllLo ^l_^A 

Flame retardants 

i ^ \\l dlldla-LQ 

Flammability 

A^UdiVI 

Flexographic printing 

A_lSl ^jodls 4_C-Llla 

Flexural modulus 

c. 1 WiV 1 

Flexural Strength 

g.1 ddVI 
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Flexural yield strength 
Flow promoters 
Fluidized beds 
Fluorescence 
Foams 

Formulations 

Friction coefficient 

Fullerenes 

F unctionalization 

Gaskets 

Gel 

Gelation 

Geometrical isomers 
Graft Copolymers 

Ground state 

Fleat deflection temperature 
Fleat distortion temperature 
Flerbicide containing polymers 
Fleterocyclic polymers 
Fleteroj unction 
Fleteropolyacids 
Flole-transporting material 
Flolograms 
Flomoj unction 
Flomopolymerization 
Flopping mechanism 


c- j l ~ v. - ' ' ^ ~ v ' ' jILg 
J aill djl 

jib 

diLjc. j 
CllLc. Lb-ia 

dild 

A \k\hj 

dllxjLj 

pu 

4 Vi \ -v. 


AlimAl^-ll dll j^jI 
A_dx_Lxa djI^iAil 

4 Jjjj\ . jj | 4 \ 1 ■*>. — A^AC-lii aJ U. 


(_£^)I^)^JI 6 juull 6^)1^)^. A_^.^)A 
A_ndc. dll Aj_i<q A s djl 

dilil^JI ejjUla djl^jj-fuljj 


4 \ jj, a aAj»^3 ^ 

o^jLx-o aAA*da 

Aialj SaLo 
dAJ jd j] 
A^llLo dkyL-saj 


4 l n 4 *v.‘< 

^Adlj^^ll A_iL-^^a]I diLill (3^) 3^ 
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Host-Guest 


Hybrid materials 
Hydrogels 
Hydrogenation 
hydrolysis 
Hydrophile 
Hydrophobe 
Hyperbranched polymer 
Impact modifiers 
Impact resistance 
Impedance spectroscopy 
Impedimetric sensors 
Implantates 
Impregnation 
Inherent viscosity 
Initiators anionic 
Injection molding 
Ink-jet printing 
Intercalation 
Interdigitated electrodes 
Intermolecular 
Interpenetrating networks 
Intrinsic viscosity 
Inverse gas chromatography 
Ion etching 


A 1 1 y ^ _ 'i yi 
ZJyJt, 

A g — £.Lo]Lj (_)ld 

*UI Jllo 
S-Loll 6 

\x dll 

dV 

dll 

(d A laJj 0-uiill ^3 dlc.j^j^o 

L_L3^dj 

4 \ l ^<1 ^ 4 "v — 4 1 1 1 4 •>. 


t ** > Q *< 4 f~-1 ^ \~\ 


^J\AkS1 \ 

a 1 ^\ SIa ^)Luj-o 

yAi h» 

<1^.1 do dldd 
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4-3 

4_iiodtil AjjliJl LiSl^jC. 



Isomer 


Isomerization 

Isotactic 

Isotrope 

Kinks 

LCD projectors 

Leaching 

ligand 

Light-emitting diodes 
Liquid crystals 
Living polymers 
Lubricants 
Luminophores 
Lyotropy 
Macrocycles 
Macromonomer 
Main chain 
Matrix 
Mechanism 
Medium carbon steel 
Melt blending 
Membranes 
Meso phase 
Mesogenic units 
Mesomeric effect 
Messenger RNA 
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Metathesis 


Methylation 

Microcapsule 

Microfiltration 

Micromachining 

Microparticles 

Miscibility 

Modulus of elasticity 

Moiety 

Mold release agents 

Multifunctional 

Nanocomposites 

Nanoparticles 

Networks 

Nitration 

Notched Izod Impact 

Nucleation 

Nucleic acids 

Nucleophile 

Nucleotide mimetics 

Number average molecular 
weight 

Open-circuit voltage 
Optical data storage 
Optical nonlinearity 
Optimization 


A j, a\ \ j ^ 1 \ 1-1 i -d 

ALja 

Ajj^^a dUasL^. 

£4^ J 1 

Ajj^)£a dll ,0 Uxl-N 

^^aII AaLU 

Ajj^)a]1 

* 

^ /S^ l i l'^ 1 ^ 9 ^ *N. 

L_ilta]| 

c_fijl_la J iAxja 
A_ i^jl_j Aj£^)a ^I^a 
A_ ijjl_i dsUixua. 

djl^J JUJ 
Ajjd 

* jfiAll Jj^jI ^•^ ua 
A-l^JJ 

Ai^.ja]I dll Wdll (JUaa - (J jS jd 
dil .\)"nK jdll .lilaj 
jjjll iajai JjA 

A=k J^aH SjWl ^J^a£ 
1 ^ t l ** 4 < d l 1-iQ^k 

4 l < Ad^a^^ Ajj j ■ A i 

aHaI 
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Orientation temperature 


Oxidation promoters 


Oxidative coupling 


Oxidative dimerization 


Oxidative stabilizers 

oAjoi^VI CLAHAa 

Oxygen index 

ixi ‘sjV 1 JJa 

Parameters 

dliajaj^A 

Particle 


Particulate 

4 ilx A dll A — l_jLaA 

Peel strength 

A-GjULa 

Pendant group 

4 )lVi < Q o^A^j 

Percolation threshold 

4_iic- 

Permeability 

AjAlij 

Pervaporation membranes 

Alaill 4_dc.l 

Phase transfer catalysts 

JlSijl di a 

Phosphorescence 

iS 

Photo acid generators 

j) a-\ dl a]_^a 

Photochemical reactions 

4_u^jJa 4 _ijLia_i^ td^Lc-lij 

Photochromic groups 

LiJjda 4_j ^iLa 

photochromism 

d'j& 

Photoconductivity 

4 ^ 4 ^ 

Photocuring 

g. j),xAallj ^*1 xAa'lj 

Photocurrent 


Photoinitiation 

g. jaAiIIj o^aLia 


^ i l-lSl ^Lll 4 < i r. ■ l~\ 4 c~-l 

t3^2 


Photolithography 

Photoluminescence 
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Photolysis 

Photopolymerization 
Photorefractive polymer 
Photorefractivity 
Plasticizers 

Polarized light microscopy 
Polycondensation 
Polycondensation 
Polydispersity 

Polyelectrochromic materials 

Polyelectrolytes 
Post curing 

Powder coatings 
ppm 

Precursor 

Preform 

Prepolymer 

Prepregs 

Printed circuit boards 
Processing 
Proteolytic enzymes 
Protic solvent 
Pyrolysis 

Pyrotechnic composition 
Quantum efficiency 


4 4 1 j | 

ciAjaIa 

A-J^lAii^J 4 JJJ jJjJ 

^.AxIIa UJ^ 3 _ja 

4 ^ t** i l \ ^ 

Aj3j^. j»*ia 

(j-o 

4 lx ASa jl aIjLoj oJLa 

Jj 

Ia 

L _ \ \ ^ ^\ \ 4 Q j\ i n 4 l ol j \ 1 

4x. jQ^aII djU. jl 

A^^Aa CjIaj jjl 
i£-* j£* *». 

L 

Aj jU diU j£a 
AJA^A^ 6£ li£ 
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Quantum yield 


Quenched sample 

4 ua l n ^ 4 j 

Quencher 


Racemic 


Radical cation 


Random Copolymers 

4_Lil J i’iV- 4 i*i* e. L* \\ ^ \ a ^ 

Reactive diluents 


Reagent 


Redistribution reaction 


Redox potential 

(j-3^ 

Reflective layers 

4_ioi^Lc> dllijJa 

Reflow soldering 

A i.) ^ ~iV Lj ^aL^J 

Resins 

dUdlj 

Resolution 


Retro-reflective 

a* j 

Reverse osmosis 


Rheology modifiers 

4-1^. djV 

Rigid 


Scavenger 


Screen printing 

JidoIL <cLlla 

Self-propagating thermolysis 

jldijYl jl 

Sensitizers 

l i tW ^ -v /\ 

Sensors 

dlLol^-G 

Shear modulus 


Shear strength 

<LojliLa 

Shear thinning 

L°P 
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Side Chain 


Silica gel 
Silylation 
Singlet 
Sintering 

Size exclusion chromatography 
Slurry 

Smart windows 
Softening point 
Sol 

Sol-gel 

Solubility 

Solute 

Solution casting technique 

Solvent casting 

Soxhlet apparatus 

Space charge 

Spacers 

Specie 

Spherulites 

Spin casting 

Spin-coating 

Spinneret 

Spinning 

Spraying 


4 \ \ j\ 4 \ m \ i n 
iLlu) 

4 \ \ jj i' 

j 

^ \ \\'\ 

^ Ilia (jLt-o 

^ 1 ->■ i m \ i 4 >Vq \ 

l U-lxJl 


Xtl a 

(Jj-sal j3 — CjI^La-o 

C - U/i 

yr*'j J (^ Jla 
Jlji-X! 
Jji 
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Sputtering 
Staple fiber 
Statistical copolymer 
Stents 

Sticking temperature 

Stock solution 

Stoichiometric coefficients 

Stress-cracking 

Stretch blow molding 

Substitutes 

Sulfurization 

Supercritical fluid 

surface-mount technology 

Surfactant 

Swelling 

Switches 

Syndio tactic 

Synergistic effect 

Synthesis 

Tautomerism 

Telechelic monomers 

Telomer 

Tensile Elongation break 
Tensile Elongation yield 
Tensile modulus 
Tensile strength break 


JjJjj 

^ Al 1 " <Q t flil j A \ A \ 

djLalc-J 

Jjj-iiil 

jl AjIc-Uj (Jlj-al 

3 -a^allj 

(T (JJ^ 

^ ^ lajoill 4. liaj 

^-adajqi jj w ' 4 

fjy ~z}4^ 

LSjjlj 

Aic. .Ikill <lUaJjq]| 

Axill 

AdC. Ajatll 'Lajli-o 
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Terpolymers 

dll jaai! jjJ dll jaai! jjjj 

Tetramer 

(dll jja! jjj) dll jj.ajC.ljj 

Thermal degradation 


Thermal polymerization 


Thermoforming 

iS j' 

Thermogravimetry 

yrUJ 

Thermoplastic molding 

ajaIa 

Thermo sets 

^£^)1^)^J1 .aL-oIiI! dll^lAll 

Thermosetting resins 

(_£^)1^)^J1 dll Vi' ^ 

Thermotropic 


Thrombin inhibitors 

^.lll dll^ldnA^ dll 

Tortuosity effect 


Toughness 

Ajldo 

Transamidation 

A_i]jLii ©.Iia! 

Transimidization 

A-ihlii 

Trimers 

(dll jAAlJj) dlljAAlOlj 

Triplet 

Ajj^j 

Turn-on voltage 

(JUtdl 

Twin screw extruder 

L_ll jlll (Jjtl 

Ultrafiltration 

(Jjli ^-idjJ 

Valence band 

j3l£j (JjUaj 

Vitrification 

* 


C^J-* 

Water affinity 

*1*11 Ail! 

Waveguide 

< a^.^a11 (JjI^ 

Wear coefficient 

^.IjjaV! i^JaI-xa 
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Welding 

Wet process 

Working electrode 

Xerography 

X-ray photoelectron 

spectroscopy 

Zwitterion 


Ml 




iS J 

A \ A n'.iil l A 9 | A \o\ \ !-» a 

dJ^Ludil ^Uj! 
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J] <jajj <]jLolaM]| aI ja 11 ^-aUk i (Birefringence) >ui£ll 

• Q pa^ <a ^)joiJ ^9 (jl^uaia (jjC.Lxd ^Jj Al aAA Aic. 

^11 ajJaJ jilui/j ^9 ^jJC. Lxjudll (jjAA A^.V (JiL^Jl _JJ£J ^ Q '^‘ 13t ^ 

(j^£j j ^IjuoiII ^-Ladall lAA (^lioll (JjLaiLa^-ll Jajai^ll ^aLiill jja^j 

^9 . n o 4A9l ^all ^Lui£jV 1 A_ia^)9 ^-«uaij j t ^jl wi*nV I ^ 1 Al AaIxILq ^jjC- 0 jldujl A£. ^uj 

^^ic. jiluA-a ^2 _jj£j AjJjjJall A ^. ^ill ^jIj^AII (jl£ (j^- 

i ^j\ xjq'.v ‘iV 1 AlLiIla a ^iJu-ijl Ac. c^£AI*JI (Jj^9 ^IajjoII ^-a^uJ 4_j\^ 

. n e — n o ^^jLijl UU^.1 . n e ju&VI <Lia^)9 

(J 5 V ^)jl oJLaII 4_a^jau ^Jj ^ji_uaj (_£a ]1 3 A : (Shear Stress) 

4_IL^. ^9 .aAjLoJIj 4_aL-^1I ^9 1 jAj . L^jIjj!1uia 

41jLui]1 aALall 


AaW\a Jj 2 ^ t>L^a jli ikl : (Notched Izod impact test) fjliail JjjjI fdua jLlil 
^AJOI A9 j . A-ajliLa ^)jjLii] ( ASTM (^.iSLa^aVi) 4_l]jA]| l^jl jLlklj Al ^aII (_piaULa 
flc. oj-a Jjl <i^sj ^aII Edwin Gilbert Izod ^.%-all ^J_a jLlkVI 

l" niaj .^Ax-all Cli^Jj L^A^jujj £_ia] ■‘La^liLa A!nc ©Ale. j\ ila.Vl ^9 ^■’iVu/i .1903 


^d^jAll aAA £jJa jJ . ^Ax^nllj l^-l^jA ^a^]!Lall 4-^-1 jJ d liaj 4 m 11 

. Ia^)*jAM A ±lx \\ WqAAnl clll^jj t(AHjlj 4_Lal^ <2l_la <LaL^.) 

. ^Ax«oH ^.Ljj^ l^lii-alLal A^Llallj ^Aj-ail a^Lall A^ a jIaa ^A^jj 
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jjIVqnttj lAjjjij V (3sj jl cj^^ 1 l>° 2^3* • (Azeotrope) 

0J^a11 ^-$^A CjUjLJI Ajjaij <1 C_J i (jLlic- (_ja ^cjLill ^ 31 (jV dll A j . Jad 

. aLajla1I I^-naII j3adllj (Jj-saall (JjSJ V L>®J * ^ b ^ V I JjUI 

AAC- t ^)Ja )l^dl j ^aa^j ^ dl 4_nj ^d 4_iij jA 4-^^° I (OligOITICr) .J J J ^ 

. di^lA ^j_£Aj| djl A^. j\\ A.Wa 

ajIa^.j ^j-a ^4_1Va jA O^j) j j* ^ ^3^ 3-*^^ ja • (Ionomer) 

.^jjlj]| 33-^ 3 ^Lj^Ia lj*3 4jjd3l 

(Ring Opening Metathesis Polymerization rdASlail iadlifl <l£lidL S >*L 

©_jaL 1I ^j-a Ia3 A^^^aII o_^1I j t^JsLLallj diLiiiil jVI ©^>aL o -0 ^ ROMP) 

Lai . ^ j (jd^jj^^ill^ <al^JI Al_g_d (3-° o^dll jl jl l_i£^)a ^d9 ^A 

Jlia. 1 g Xa ^)£Lj tAdldjVI (J^I-xaII ^ja l^u^ lc*jd AjJaJ ^^g.9 41 axJjuia]| d-ll^lddl 

^^iaiI^j d ddj dilA djI^iAil ^Jl 3j j - i3 _^ 4-c.l ix^all ^9 aIaxjjaa ^Aj .Grubbs 

. (JAlill ©AjA^ djIj^A L) -0 3AlL! 31 Aj 41 Q )» K^-i 

(Reversible Addition- 4J3ad-4ilua) ixd ^ ^ 4iu*LJi JUdL $ j^L 
^ jj ^ : Fragmentation Chain Transfer Polymerization: RAFT ) 

I_£_i9 j'qVi'i ^dl Ja j^)ja 1I ^9 . JaJjJnll 33^ ^ tAj^A^JI o^a13I 

^jLj) ^d 3 h jd djl_j£^)A ^ja <1uaLoi]I 3^djl dj^LaLtA cj^J s ja13I 

— AiLdal a1^.^)a ji 3^ajj j t(djL jd ^4 ^\j cdjLaLjl£ jd ^Lu cdjIjLojJ jd 
djli dj| jxad ^Jj ^-^-dj di!>Lc.lij L_jlduj 

iA \a~\ ] iA ilajAA lA 3ad.~A il"^ ! djt a djlj djj^Lad^J aJaj^J dllA^j t ^.W<a ^ d£ 

• l_^xjj1i1I ^ T - ‘ ' ' 

JUdl dj^ld 4 _j 9 L_iJd AiaAdL a ©jaL ^ : (Living polymerization) S j-aL 

A^^Iiaa dji^iAil © jaUI ^^9 4jdLuu dj^Lc-ldj ALaiLdl 


<L^,^)a (J£ ^^9 t al daJ d l )^. 3^^>* a LS^ ^).) <Q 3 _^dl 


LSJ^. 3 .L-dlxdl Adj^ 


© J.W<a dil^A <li£ ^gJ) J ^ :©JaUI ©A^ L) -0 J • AjA^ ^)Ja 

.4_i9^)idl ^a^) 1I CS^ 3^^^ a jdu^j cIajjaa 
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<. a ©jIaII <UL^J1 cillj t^jU ©j^Lll c_fl^u ’. ^Crystallite ) djAij 

djlj a \\>.s-i Lolui^l 1 _£_a9 l-ajI ksi\ ,4_pL^.Vl ©^)3^ 4 ^lill Lgjlj 

i ^ . . . i <Lij 1 dllc-Llk^all Jjliku, cAaj^)£ jU^J) ©^plj CliV^- CIjI^j^L 

j£\ Cil joUl (j-« (_ja C_alljj J djl^)_j]Lll © JAxJa ^g_9 ^al ■i.ti'^Vi A Lol 

©Ac. ^^3 djI^iLlI jixjl LaI .©^jIuaH ^AC ©3-all ^j-o 4 jLi 3^) dll jj Ja 1 g n i -laj^ 

. dal jj. iaj\ja ©Acj dl 


dlA^.^11 <ja J&l jl (jjc.jj 3- 0 (j j£-o jaaJjj ja i (C opolymer) *il jlda 

t<j 4 _I£jaa1I ^J^a^^aII dlA^ jll -LaLii^)! L. Uti^ lei ^j| 4_1 a .A-J^a^^aI! 

L_ial*l]l A )\‘^\1 j 4-J jl JOaII J 4jj1 J 4_lj\ x-^l^kVl A^^JjolaII dl ^)JA )1 ^a 11 1 g \a ^)£Aj 

^3 B 4 A (jd^lA ^J^^ aII (_JJJA^.^]| 1 (_£A]| cil^)lliaui]l ^)Aa 3^3I (_jC .<c.jjl<l]| J 

. poly(A-co -B) a 4-3^1^ dlA^. j\\ L-d^j 4_ill AjAd ^»ac 31 ^ 
^jjj ajs £jjj til 3 ^ ja : (Statistical Copolymer) tiljluw jxoaIjj 

(_JA A 1 djl x^n^kj ^lli A £JJJ (j^ c4-9j^)*-A 4_ljl Aj^ia ^j^aII dlA^. j]| 

cil^llulAll ^)JA \\ ^31 ^jc. .4_ljl!ill jl 4_13 ^a 11 (_JA jl ^4_l] ^)k).s-i 4_JJ^)a]1 

! 4_iAjaii]lj C 4 B 4 A 4-3^)-iA^j_9A]! dlA^_jJI ^ >.s-x i ^j1 

. poly(A-5ta£ -B -stat -C) 

^ ja :(Random Copolymer) j^Aji 

i^yA (jJJLA ©A^. J JLoja .1 ^ AjjI A^^!L kAAll 

c^^LolaII ^)jA)l^i]l ^jC. ^Aatjj ,o^)jl -naII ^J^lA^j^All CjIa^. j\\ Ax Ilia ^jC. !>Ia1uia <Luj1uj]| 

i 4 aajouIIj C 4 B 4 A CjIa^. j]1 ^ ksi i ^aII 

. poly(A-rafz -B-ran -C) 

caUj j=± (j* jjaj] jj ja : (Block Copolymer) u^lault ^ jl^-a jj-oJ jj 

Aj^IaaI ^11 ^ja ^3^ LS^ ^ j . dilj 

^)Ja) 1^31 ^jC. .l^J ©jjU^ill ^9 o^jjIJla ^J^iA^j^A djlA^.j 

I A aajouIIj B 4 A AxiaJ ^All L_l9ljtlill 

. poly A -block -polyB 
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jjia tAjiA* ja : (Alternating Copolymer) ^ 

^21 ^jC- . L_J jLiLo L—lsLxj (3^J A-i^i-a^j^i]! dllA^jll (^y& 

A_iAxdllj B t A (^jJ-Li^j-i-o ^A^-all (jjjA^.^1 AjJaJ (_£a! 1 L-Jjl n^all til^Lixxuill 

. poly(A-a/£ -B) 

^ jj (jx tiljlda jj-oJjj jA : (Graft Copolymer) jl ^ ^ 

A \\^W . A_njl_^. (Jjol^Lul (_J^d ^g-lc. A lullJ^)ll A-LalLalllj A }-l n^)-a]l (Jj^l (_J-° jl 

IaA^J ^glill ciliil A-l^La^j^a dllA^-j ^kS-i\ Ajl^IaA ^31 Ad^^Jl {jj$ ^3^ c 5^ 

(jjllA^. ^]1 ^ X >1 1 (_£AI1 lil^lixxUlll A ^31 ^jC- ^)ixj J . A_1 xxl 1J^)]1 Ajallulll ^3 

o^jll A <j^ 2^ poly A-gra/y -poly B ^uuaulL B‘A jdij^jj^l 

.4_njl_^Jl A_LalLali] A KdJl Aj^iX^j^-^l 0-1^. ^11 B _5 A lujjj^ll AlxxlLali] A ]£jubft]l Aj^i-a ^-^1 

^ j ja ^ Aiij^ diljAll a_is jx«ul jj :(Dendrimers) <-jLuail 4 jj^ui dl jj^jj 

l ** ^ 1 ^ i AJjujJJ^J aIjuAjoi 3 ^ !•** ^ ^ ltl. c^Haj C Aj j jlj ^ 1 ^ ^ ^9 jj 

.Aj^jLill dlVVl (Jl-^-a ©AC-lj l^jl La£ i^x-al^lll (JL^-o ^^3 dlLliilaj 

4j1a^.j (j* j±& 4_ia t_U^j dljj^iljj ^-a : (Poly electrolyte) dl j±*A jj 

. (jjl^l jl Ajjldo 1 ^>>»3 ^-jj.) 1 .^! 

Ajidl) djlijj ji ^L^alaU SaLo 1^3 ^jjjxuj jA : (Photoluminescence) <j^ 

^j^oj ^-a^a£ Ag_^. j (j-° J • dl llj jJ^3 cillA Aau ^)Ax-a!i ^aJ ^A_boulaljiL-ft^)^ 

£-a ^JAI dlLljiiiaixj ^J1 l^jA^C- ^aJ illlc. A_l3Ua dlLljilui-o ^11 oAIaII 0^)1^] V^dl L^ij-saj 

. jd _jl Ax-aj 

daIaSI 1$j 3 Adljj^j Ad_^a ojaU^ ^ : (Electroluminescence) 

1 dju t _ 5 -Aj .^^jIj^)^ (Ja^, (^nJadl A ~n n'l jl ^jIj^}^^] 1 A ~\ n'i ^.^dall _jlAx-al_i 

i>“ 1 .SaIc- aJsIj c q j. ©aLo ^3 Ajuouj c_J^a!lllj dilj 1 ^al Akj-i jl ©aIc-1 (jC- 

. dllj jj ^ 3 (J£d AiUall ^jlAx^alj d^)Ijla 11 dj\_jj^a£iVl 

dilj^j^l ^ .ajjaII aLxjVI A^Il -(Crystallinity) jifi 
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^Ii 2 l 3* 3 ^ 3 2 nm Ia^. I_jj» uj^ 3^ L . Jjftjpll <_£Aa] 3^^ 

^liall 3^ JW1 ^gic. a 3 j 50 nm 3 -0 3^ (J*-^ SaLxJIj jAj ajj_^121 


. Aj^ 3 ^ 


.Ajj^jj jjoI 1 jll lAjlA* jia. 2 jj :(Terpolymer) jaa2jjjj 

3^33 LIjj ij :( Watson-Crick Base Pairing) 4 l£- 3>3ilj &* ch^VI £jIjj 
(T) (jia.uli ( x-o (A) JaJJ^J c 4_iii^. j^)AjA ^3 

•DNA — 11 <11^. (G) 33 j*JU (C) Jaijjjj 

CjIjuJ^JI 3^ lajjj Jajljj a2jj ®jjj^ • (Crosslinking) ^ -2L ua j t ^tjufri 

^ia 2^21 ^Ic- 4_La 4_AaAa_L<A 4^12^ Aic- ^g-2l xxa21 c^\ n3M' ^ijJaJj A <.>>11 

. <3 n2a21 ( xij^)J LaAic. o^Lua^. ^Ladl ^21 L ^ lui^J ^3 iAij^a 

Jajuj jl2l ^1 ajjj jaJl a \\^W lajoi jl2l 4uni : (Poly disper sity ) 4jTu*r21 

• M w j M n (^1 aJj^U (_£AA*JI 

fjijj l-jjjjjjjV' Jj^aa c^Ulij 3 * a^Ij ja : (Azeotropic distillation) j3aa 2 

A_^,^A jA ^pijl aILq ^)JC. 3^ 0^3^ j< _fcj3^ L5^l 4= '-^^ G AiljJaj 

C_flLjaJ ^31 3^ 3^3 ^3 ^31^ ^JJC. (j^3-ua (J^jjiI j (jl-2c. 

. (A_L-sa3 Aaju 3 £-a C-L2I c_J JJJJJ3I 

Luajj (^i* 5 j 2 3^ a^)jj^a3 aIuaIuj cIjIa Aj^lq3^j 433^ : (Xelomer) 

A_i^)A^Jl 6^-231 ^-<uaijj cIa^aj 3*° A^-J 3-a I^)£Ij AluiLaiH 3^2 3° ^ j^jAaJl 0^2 21 pljjl 

.Xelomerization oj-22Lj U ajc. 

J jWj 3^ ^3^. iwil2Vl 3^-°^ ^c-lajoi ^3° 1 (Fibrillation) 

g-i 2^32' t> : (Chemical vapor deposition CVD) 

aAA ^^3 .ojla2l ©AjAjoi SA^^JI A-il^-C- A 2j^a Al_^o A-2l \a f\ 

e tt s t * 

^ic, cAKaAJ jl/j 3olijj J^l 3 o^jUaJ^j <23 SaLo 6^)2 xjI ^21 S3^J 
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^LiJl ^jldj JjJ dal VVa,a la Idle. j . L_ ajlla^all c-ldill ^LdV ^Jojuj 

. d^Liill s^a^a. ^c. &sh ^Ul 

I Iaac. cUd : (Electrophoretic deposition) 

^9 4 q\x a dal A\xx\y ^A 1 g \ \\ ‘L^^H'd! <=L<uaillj t^jl^dll ^llall dal^jj^Xuj ^j-o 

Aa.1 JlaJ ^1 j ^giJaJ ^Illl a^lall ^Ic. | da jdj cJ^ _jdljj L^dj j! ^>^.Lgj 

.Adl^dl! 6^1 All -a 

..Lj^ J^ddl V J£ cSjrS l^j& u^j 7 J » LIq L_flUli : (Staple fibers) ££Lj 

.o^)djaL a (dllill ^j-a 4 Kdidl idl ^^dll dajt -la jj^ll ©Afc 

•■ e d3 ^^gjjill (jj£d jl ^^Ic- -(Matrix) Adial^ 

* $ 

.*U1! j • (Hydrolysis) 4 $a 1* 
<j^aU. djb ^dj^adl ^ cd ^a : (Heteropoly acids) S jjIjl* $aj*1a 

(Jj-a 4 ^i^al a at 11 (_£^^.dl (J j.AaJl P 4 Va^ll ^j-a \ ^)xsi'\C ■ j A idaxia. (j^j^AiA dal^j AjJaJ 
jA ij A J. ■> l^all j! iluJt Vail (Jxa LlAt-aj (j-ia-udl dal^jjj t^cd^^! jl jl (jj^aludl 

.A. dx<^, dal^l-d. Lglld^aJ ‘die. (J-a*Jjdj . a jJjblil! jl 

(Jj-dLa dd-al l^_il ^Ic. a wdill ^jdjla ajs ^dlu La jA i (Space charge) 

di Jail! Lgda JSI (^lm jl ^ lal) c-ljalll ^j-a Allad ^ic. ^Lc^^a 4 WxLll ^j-a 
Jalai jV I ^^9 dal W dll (jV *!laJI Lg_i9 1 <ij (J^jl^jdl ^9 ojAlkl! ©9A Jj-^aaj .o^jlaiLa 

. a la. Val £_Jadj jl (Jauj laj -HsLllI 

* s tf s 

dab£j^ ^ j (jadll dal Idajl tdjd :(Drag reducers) <-^udl dldaSla, 

J^dll ojl^J L^Jlaadioil ^-ajoiJ .L-J _^jjl ^j-ada ^lall (3^*^ eLdl ^Sl^'a^Vl lax x>ill 

.^jlall 4 llx. a ^£.^101 dc. Jaxdall ia^A ^jdl idjl ^ 

^j9jll \S^± o* ls* 1 (Direct methanol fuel cell) jdAj-d! JjjIjj^IIj JjS^ll L!H 

.b_^9 j (J jlLi id! L^i9 cJ-^^-dl! LS^~ 

3 jl jdl ^ ^a :(Heat deflection temperature) (|j!j^l <-iljaJVI 
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AjC. ©AA (JaxIuA j i iho (Ja^. *.“ l^J 4 ajjIa! jl 4 a J-La.3 jj 4_iiC. IaAjC. © jATn ^^aII 

* > e 

• A.ST1VI-1D648 A-iJoiLiall Aij-^l jaII Ui9j aa^a j 4 » ± u^vi jl ^ajIaIII ^cViaII ^aaj^j 

. CaI Alg_^.V I jjjIa i Vi ^jIaSI 0 jjajII jl g. J->n (JlaljMI ©aIaII (Jja i (Creep) t. q%j 

^LojIIa jc. (_]aj Alg_^.MI jA CaIajIuia AaMI (Jjjln]| jAa j*"i\l A n'l 1 j 

• ^ jjJn^JI 


(j j 1 ^ 1*1 ju aIaaII jAj]l <J^ ci-^i jin ^c- ^ jcllax-^ :(Open time) £jHa3I jajII 

Iaa JXL jj^a jl jjjjjJoII jA .Jnjjll jqV j © jj^jll ^Ac. ©jL^JI 4 ,( L«oMAI ©aLaII 

(Jjfll jAjll jjl-^A iS ^ *W^ ^ £ i-^al Al jaII A-aIaII © ji^jilj ©jj^jll (_)j-aj jAjil 

.JaJ j]| jjl^A ^^Ac. 4 ajA9 aIL jj-saMAI jli j>i» jll 1 Ag x>ia JJ jjjjj£j]| AaJj 


jA j Aaajj£ jl ^j\aj - 1 1 1 - jj9 jjj jjAjA ^Iaj- 5‘4‘3‘2 :(Sulfolane) jVj£itA 

^-x-aM-iluj V I j-iAaiLii] IajAa A"\k>.s-i\ 4ac.\ u.^11 g.1 JAjill ^^9 (^JajiAjoA <1 jj] ^ (JjLoi 

.^IaIIa JM-saMJ JjIS 4aI Ia£ t4_ij Jj jjjMAI CjUjAaII jAJ ja L Vu^ijj .Lilolij IajAa jl 

ca! q^J-a ^9 LgAlijj^. l <a Jo i. s-i\ ^jill ^AjLioAI ca!jj1j]I ^aj j>ix j] <ij-£a i (Smectic) 4 

. Ca\ 3 lAall JjAjaa xa ©AaIxaa djljjjakAI ©AA jjLa-o jj£j duaA © jjIaaa 


R a* na. RSi0 15 Aajjj^a <xa^ jA l_j£ja jA :(Silsesquioxane) jL^jl j^ * « ** < 

a _ 

1 g'^x.o^ a! jaII oAA (JajcIuAj . jl jl lS^' 

. CaI jUail 


c> (jjLa jjaJ jj ja : (Interpenetrating polymer network) Alii Ala AjjjaJjj AioJi 

Jajljjj 4 JaJJ JA 1 g jil J j^-ll (_£jAjoLa]I A^jLiHaj ^JilAlA jl jj^Jjl 

.AajLiaj£ Joj! jj ^J-aVi ^aJ Ia 1 g \>.si a i V ^1 V] tig jaj Laj9 4a£jL1j 

. ^gA ji Ja~ ^jI j a j£ (Jc-lij CajA^J 4_1uj1_1a A_^. ja (Jjla <1 g. jjJa I (Act mi C light) t^U^l IA f- Ju 2 

c> ^IajjI l^lnLj djI^iLLlt ja ^ jj jA : (Powder coating) Aa^ j^aa la!* M ia 

g.MJa]lj aIajiaII (JjLoil g-M-lall jAJ joJJjll jjill jj^Jj . j9Aa1! j^. c_fll_^. jj^_ioiA 

4 q\» a AaIIaIIj <iaj| jll aIjaII 4a 9 t *. J^Aa ^11 ^Ia^a V jl jA ^^Aj^ xj.ia!I 
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Aijj^)laJ A^lllaJ (_Jj i^JjLoill ^3 

_J\A )\^J jl (j.llj ^La^l^J (j^SLj (jl J^*Vxxi,a\l ^j£-aJ c-\hc. (J^joUj ^Liis 


.A AjAx . all ^ j)kixxill ^ic. A xxi n^) o^) j)x^->j ^.^Oall lAA ^jjIaJj _jl _ Ax^aJ 


1 J] 9 <iwuj J_^£]|j j]| Q* JLiJl (jJjjliJl o* 2^3^ :(Gasohol) Jjjl^ 

(JjIa A-aj3 (_^a £3^)J La£ cCJjUxJ A_^3j Aii£j ^_yak^ J 3 ^.lll J ^3 (J-axlixxiJ iL-JJjJillj 

. (_j-a JUJI ^jdl ij^jlillj Aj^jlLa jV 1 

Jjl oac. ^ ^jj-a J-^l :(Pervaporation membranes) csjUail 3liSll flu& 


g.1 xJajj dal^j^L tdiLal^Jl o^axILq Aj^lac. cIjL^^a i(Fluorene) 

lallj (_£Ajj (_j-° 1 g*n<axxi*i ^jIj 4(JLxHkx3U A_Ll£ ^Aj . A_^j|^)j A g j u*xi A_^j1^j LgJ 

lIjIa^ A^sI^Ia!! A_nj^)^ii]l djl^ixul^II dAjj^aJI aAA (Jj!ixij .^j^lll ^ ~n xjdilj Ij^^is 

.4_lal_i]| t, L^aj 


ojj u_*J^ c> ci jVjs ja : (Medium carbon steel) 

c tx/i"i] La£ 4 A-a jULal! j Aj^^ASI Aj^)l j!Lo j ^a j . 0.59% _$ 0.30% 

dAj^C. ClAj^^aj o^).)^Il ^3-iqll ^3 3 A *-^‘ aL J • C-J^jA^U ©Ai^. <LajlaAJ 


(J£juj ^Ac. a x aVu Ja^3 aa ^ j-a Aijlia i^Fullerene) 

AjaII j}Wa ^jjAj LS^ t -— ^ -9^ CS^ 1 ^ tg-jl-9 A-} U-3^ J • L-JJJu) jl li dil 

LaAio j ^Buckminster Fuller jla j u/n^i j^ill ^ jLa*-all ^A^-all aj jja j^I 


.Aj_^jU]| ^^xxn tgili UJ^ 


jljla.1 ^ t jiA L j;->..i c sj^U JyS jj ^j_i ^.a : (Oxygen Index) Qi-y^jSfl Ljjji 


JSaJI i^i ^ : (Dielectric strength) JJadl Sja 

.4_ijL*Jl j'l^Jj q\ Jj-a j JjVc. \ ^ ^ j ^jl lad . ■ J 


Jjliil j 2Jjlt sjLJ ^lilill a-jlLikuVI ^ :(Ferroelectricity) AjJjia j^S 
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1 1920 ^ a j oji a ciiijou^l 3^ (J^nlv') cic. (j^*N 

^Jaat a ^jl Uk. iAjAjC^JI 4 luuJaljjt-All 4 u^Lk L^_jLuuj ^ij Ic^J CIliaauj 

. AjC^JI ^jx-o'iC- ^jJaj V 4 _jAj A^JI AjjIj^)£^] 1 (_ > )-£al dl j jl ^a^ 

Jj^ ^ ^ l— »\ '» A ^ f. l ^ t> aSLIo a^KJI :(electret) o^ 3 jf* 

_'Q^ II All j) .Ixj ^j-Q Ajj^la e j"‘ Q l _ j\ 3a^j l ,N I ( /^ a aJL^_j laiHai j 

J\ AjjUi! ijJI J (j-lk-uij (_JA A-llc. Sclc. . L_)l J-l'q'u^l L* IUjj (_£A]! 

Axj <_ > )AiLa^)£^]l a]jJ . Igjlc. (Ji^. (jjflaj £-a C^)ij ^ tA^^-C- 

£-a & ^j| All ^uJalji_All aLl9j Ia ^-ic. j A )Ikl C A_ijIj^)£^ V 

- A \* *>\\ /J j'<W \1 


a^.jj jj«"n l^£^luj ^^ull a-LLuiII Cj!j_^Li] Ajx-obk : (Lyotropy) 

. L_uAaII ^^9 

* 

■ lnm >i=i> t_Ll jA : (Fibril) i-tnl 

Sj-Aij ‘kj^jiAjkAj\ ajjJ^. j\ a a a. >>a jA : (Prepolymer) jjajI^aII 3 ^ La 

oa^.j 3 ^^ ^aLou ^ Cy*j 4 JLL 9 3 cB^^ 3 0^ (J_^kdl 

.Ajjl^-ill Aa^-CoH (J 9 VI A*^jj AIuaIuJ ^9 Aj^iA ^j^A 

^jjIj LjaJ ^>-<^.1 jl jkx*a\ Jl£l i (Aqua regia) fL« 

j c-LaII ^j^QA^k ^3^ L) - ® ^ ^ il'n •C'LaII j3^ 

A. jV ^j-uV 1 1 A^_j ^ s -<iAU A9 j . in^allj A^.1 j ^Jj Aj^Ij 1_A ^)^9 Aa\ja A ±ui 1 j Cl) j 3*^ ^ 

.^jjj!>U]l j l_iAc11 (3La Aimll Ajli] ^ -ilailuLj 

c jiaj*jj La.iic. jxAll 3 a_a jIIa ^jc. cl ^Ic. ^ ajIIaII jjju i (Toughness) 4 jLU 

# ^ * 

3^9 1 g a^')a'i (jl dCLaII llajjaij oC^,lj ^9 AiUall A_i <— i a^)*lj 

. )X^A ^jXA (_J^1 3 J 6 ^ 

o^\ jAA\ jS iu cajxj ciLa^o :(Impedimetric sensors) AjuLa-aII qm\J± CjIu^a-a 

- \ ^ ■>> \-t 1 n ^ ^ \f~- i ** j\ A (_j x^aA Cl A ^ A 1 J i I' ^ )^] | 
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I^jC- i (JjLoi Jajoi 3 A \\±s-i CllLaJjai^J 333C. (jjljt-a 3A ’(Sol) (Jj)Wa 

. jU^V 1 t CliLllA t ^aII 3^Al J^lx-a 

CiLaLouill l iiix^aj ^ j :(Meso-sized pores) AjjJaa ljLujIjS lj! j ljL»Luu» 

. 2nm 3* 3^3 50 nm 3-* JS1 U jLb jl£ I a] ^Aukll 

jj£j l 39 j : (Micro-sized pores) cjluAJi dali cjULujjj 

• 2 nm (3° cJ^ 1-& ^laS 3ISL I aI ^ulukll Aj j^fLiA diLaLui-all 

* 

4_j3i_u2l 3jAliLall 3 jLia 1 : (Admittance spectroscopy) 

.djljjl 3JII3 a^3a aIVaj CjIi^U^iII j 

JUiiVI J) ^WV' 3=“^-? ‘cr^ 4 -^' 4 jU 5 : (Flexural modulus) 3^' 3' J - 4 

• 3 ^' 3 

o j^n\' ^11 o-iLall (Jj-a Uj]| 4_jj^a - UaJ : (Tensile modulus) J^bua 

Alg_^,l A ±ui 1 j c_fl3Uj . 33^-all dUdl o^Lola Ajoi£L*I 1 a Adi 33$ 3-iiIaJ 31^. 33^-a (J^Ia 

. AJ3A ©3jj-£aJ AA^di-a ©Ada ^^9 Adll (Jlxkll ^ij Jail! 

SjLoII ^33 3c. 3^j coALall Ajj3-*2I cidd-alx-a a^. 1 jA : (Shear modulus) 3 ^a1I J^U-« 

A_ll ^gic. l — ^ 3 *Aj 6 3^9 djlAlg_^j ls^] ^ & >^3 31^. (d-ulil ^ Ale. 03-kilill) 3-^qll 
A_^, J3L aIjjj Alx-£a ^gAe. 3-aal! (_)-aljL-a . 3-oqll (Jlxkll ^glc. LajjuoLa 3*0^!! Al_g_aJ Ajjaij 

.aIjLuj 33^ LaAlc. ©Al-all 

33-aH 03 dull ©Al-all ^-3311 ^ x>aLj3ll t L-a 3II 3A : (Elastic modulus) 4 dj>All J^U-« 

^ l^-La (Jj-aj 3I 6(JlxijVI (^1) Al^.VI A Jjoijj ^]-aaj3 . Ig jlc. 0 3$ J^nlaJ 31^. (^jIaII 3JC.) 

.33-aH 0 3 dull 4 _iLai-a (o^dull) (Jlxkddl £jld£ aI^_^VI 

.* f 

(. J-a^.11 diau o^dull A-a3ll-al <diA ©Ada Aul^Uj ^3 *j : (Flexural strength) ^d^ll 

ii _ s -lc- oALall 3-a AAiC. ^ W j 3AII ^1-3^3x11 ^g, Wll 3I y^l Uaj.WiI ^AVu^i 13 

^ W 11 A-a3lLa (JiLaJ3 . dj^-ljll dalaill A )‘lVl ^al A^HujIj ^dak-all ^3-0 3I (3 3! A 

. 3l_i^jV! A di~x 1 Ale. oALall A 1-aVn (_^a!I j^-adiC-VI aL^_^.VI 
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oAk. I Aii » 7 - V L jjjakll ojLJI 5-ajlLo t_ajju : (Yield strength) £j4aiJ ‘LajlLa 

. ^jAH! q aj^ollj 

jJaili j\ jl Jjaj SaLJ kl jj£' : (Tensile strength) aAII 

•jW 2 j' 

Jc. jjLj J kill 0 ^h»'l S-cjill :(Melt strength) » 4-« jli* 

LaAjC. oBL&]| 6 j 9 (_^Aa 1 (JjAj 9 J J)\ A_^.jl]l Djl_g_i-a]l ^ Wqm ^j\ (jjAj 

j\ 3 ^-^W A-iljiill jl 3-^3 iIj (JjJujjj ^ 3 ^J *£^)jg x^aII aJL^JI ^b uj^ 

.AjjI^^JI AjIjSII 

A*ilj csjS ^3° SjLoII S jbL® :(Compressive Strength) laL^l <Ujtla 

A-ajlLa lABic. A-aj 9 iS^Ldll jl^jj tA^ajlLJ] ^ ks-x°\^ 1 B^JI ^ jL Bic-j 

.■kiuJoll 


(jaj ^j^ l- n>u»i bIj* 3 * :(Photorefractive materials) jl u*SWI <Uj>ia 

.* 

ClA-al jC-j] j^Jl ^B ajAUall oBA 3 a *-^ ju ^.J . Ia )\ jail'll Ajjj 9 j^itJj A ija^V 

. jl jJaV 1 3^ 13 J-a Bj] jj ^9 (J^xliujj La£ i Laj jjJa ClAjLnJI 


oai^.j a.a 9 jL l$l (j^jj) ^LJa Ajjja> ja • (Macromonomer) ^ua jiajIja 

A_Loi 1 uj ^9 oBi^j Ajj 4 -ajjj-a ol^jj ^aLoB duaJ Ajj 4 -ajjj-a Ajj^^ - JjB AjbIHj 

. A jj \ ^ ‘<\ 1 A s> A l 4 ‘ 1 1 


RSH A x }j CLn^S* ©jB ^jJaJ (_£ ja^iC jA : (Mercaptan) 3 UjI£jj4» 

.(J_^nll ^joiLj Ljajl c_ajxjj t C 2 H 5 SH (JjJjj l)^* 0 jB^. _?A R du^, 

c_i£^a 3 jjjj ©j-aj JU.b) ^^Ic. ajj Ll < u£ ojjjjjoi i (Nitration) 

3 - 3 ^ j iA_a^)la ojLft]! lAAic. d jl ja. Aa . jb ^ : (Softening point) 3 ^ AJaij 

ASTM- AjiujLiill Aik-al ^ a11 Ib9j jl Vicat AijjJaJ IaBjA^j ^j^Jj ,(C jLu^.1 Sjljla 
j\g !^iil Aiakj IgJ (JjiA 3^^ bIjaII Alakj ( J^iujJ j .ISO306 D1525 

3-° SbLaII (Jj^'n 3^^ A_^.jJ l^_j| c^ c ' c — 3i-a A I lx a 

33 B 4 I! 3 ) ^ 3 ^ 3 a*^' 
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Jaj)3-v*t ^^9 (. kla-x-^aJ A^jLaill ^jj jj^-i* }\ AiL-£ a ‘(NeiUtltic) A \"\\ A\ \ 

. A \ J> .^1 q *1 x> Aj^IjIa 

jjjU j JjLo) ^ UjI? aj cA Au*y\\ a£ : (E lectrophoresis) S jajfc 


jjlall 6^1 j* l«i Ljajl :(Mesogenic units) cjl^j 

^9 ^al J-VnVi a! jj aIjU ^9 Aj^-mll dA^.^11 ^Aj . ^.^-lxxi^Il 

a ^Ajaij AIujL^. 0^)jal£ i^JjH AljLul]| e^j^LlI Ajj^^ A-olc. .C1 jI^)_j]L1I 

^3 J-VnV I j Ajj^^JI ^j-o AlojUJI • AjtjJa Aj^o c.l^^.1 j! £. 3 ^ J ^ ?^)> j3^^ 

.aIjLuiII 6^)3^ LS^ ^ -J^ 1 ^ L y* AjtJJall c.13^^ ^ijJaJ cCIAaL^J^ .1^.1 

.aIjLoi aj^^L 3_^g (J^jou] LmLxxil cJj=^ Cj& t Cjj^ j-^ ^y 1 * } j 


700 



0“J — & 


583 ; (jLlsI 

_ 1 _ 

487 ! y*p ‘L^zs* \ 

36 ! jUJl 

iUU iJLpI 



309 : j~£^\ ^LJI 

553 <. 301 oLJl 


301 1 193 : j sis 

99 ! jS' 

193 

148 t 78 jJUl ijl^l 

553 ! iw^U- 

307 ! ajjjj 

302 t299 i260 : U^ 

218 4 135 4 IO 6 : vrj-* 

263 1 189 liLl? 

228 : j jJJl SJljl 

554 1 30 1 

4396 4395 4 192 4 181 : 

195 

190 : oljUJJ 

584 

227 . y*j2 jl jj£^>\ 

263 4 196 :ii> 

183 :^UAM J jl yc^\ 

258 1 194 1 1 89 : 

134 ! AjCw^'ill-i 4 jL2>I 

193 ! 

584 ; pi *. la ./? 1 

305 ; *LJl jL>s_o 

346 ! <uJLL>- 4iL2>l 
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183 :J> 
495 1 184 
553 1 194 : \s-'yia 
491 ! DL a ! yjS ya 

148 ! 4jjjU 
493 
457 

451 ! aIJ^Lj S 1 

148 : (jbrb Ji 

149 1 30 : j y <, 

AilljJl JLiol 
49 : 

139 t50 t49 : 

58 ! ^jr~^ ^Ljjl 
194 ! j-b ( v d3 J i 

108 ! 

138 1 1 17 : Ji ! y JUi 
189 ! £-La2jJ 

63 1 6 1 . y 1 

69 ! aIjL^ 

63 : oIpL^j 


192 


c-b^-* 3 


194 : 

194 ! L-«o^jJ Ails y> 
192 ! ^li) 

417 1 150 ! 0 L 4 J 2 JI o^Jjcu 

423 : J^IS'SM A^JbP 1 

60 i48 : 

73 1 72 1 60 1 47 c44 : 


48 : 



t3L-A2X]l 


292 : r^. 
229 ! 

494 : *\+y\ oliUs 
557 :^1>J 

oUl 

490 t487 t484 c477 : JL*ljI 
491 1 106 ! aj j~t 2j 
30 . ^jjJ^ ® 

234 1 186 1 181 lAsji" 
484 :o!>U 
589 1 185 i30 :brbj 
484 ! 
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541 . 1 j 


288 ! ^ui-3j 

509 ! 4j j*o j 

511 ! aj j ^1 1 

30 ! 4^*2? ^Jl 4 _oLo 

36 !aJj>s 2LJ! Jliol 

513 i j 

382 1 127 i29 : AJ^Jt 

361 c360 : ly>c^ 

JIjojo-NL 

542 ! £klJ SwLwooJ 

222 


312 t287 ! aa!>JI ^xaj 

- - 

52 :Lj% 

449 ! *J jJJl 

510 

6 

38 :o-iiJ 

265 

29 ! j>- jA>- 

235 c 148 :jZL*jtS 

65 ! 4^>- AjjJj>- 

c492 c485 JjIju 

30 

499 i493 

34 ! IjIj - j-Lijj 

CjUjUaj 

32 ! 4*0 

263 ! l y>rJul J aLUs 

29 . 

558 1 30 : |» jJi J 

288 c287 i jS ~ ^ 

257 :oUlk, 

34 ! 4*u j-olS* 

b^oJj 

38 t37 ! ^j[^S 

98 :cvd 

178 :jL* 

37 :raft 

122 : :>jLo ^ ilSL* 

122 :romp 
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561 l 34 1 33 l 32 ; aJ> yj? 

27 ! A-o 

76 :^Uap-l 

132 1 35 Ji£)l 

63 t55 : 4_isUi 

283 1 123 c 48 \ J\y±* 

4 151 4 35 : 4_^L^jJI 

260 4248 

75 :jil _yu 

139 

45 : J>y^> J 
285 > 4 

4 -4 1 w-— - 

217 4 181 ! {Sj^ j 4-1 J 
224 ! Aw~L-*f 


180 : 

465 463 462 


Aj 


69 4 67 


174 4130 476 


aJLSU 
293 


523 4 70 ! Ls jw? aJ jJw 


200 4171 

31 ; <cw>L>- IJ^S y* 

382 ! jj j^sLalj 

C £j lS23lj 0 

283 . ^ y*^ ^ I 

395 : aJ.sLj o ^U a»I 
120 ! i^JL/2^ 3 OjLaj 
281 

296 ! 5jLg_v2-U 
281 :UJLJI 
283 :UJuJl 
125 : J>Jl Jiy 
aJoIw 

579 ; a^jj y 
584 : Aw ? ji 
579 ! a2ij 

580 4 508 ; J5LlJl Awzs Cj 
69 ! Jajl jj AjI^j 

127 1 39 ! io j_ol 
31 1 29 ! ijj J_>- 
34 ! IjU— ^ iJoj 
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4 119 4 99 1 95 : JJl^J 

554 i294 t226 t 195 

151 ! 4j j xJ I i^y\ 

123 : jljtf 

53 yLi/ 
153 . ^*s>- 

1 175 1 174 

251 c 177 

565 1 562 t 557 4 494 : ^ >J 
494 ; 

4 62 ! L Jj_^5 ol - ia 

592 4135 466 

200 4 184 4 132 :^jl ^ jytM 

136 

220 • C -4 

137 t52 : Jlo y 
298 c 193 ! Jpli ^y^ 3 y 

298 ! y 

590 t454 ; J^as jpi y 

364 ! 4jjUI < ’IxJV I cjL-JS” 

180 ! ioL-^'yi aJIp 4^5” 
307 


jji- 


136 


136 447 '. yj> 
37 

57 4 48 . ^ j jji^> 

4 47 4 32 : , ^sl_ Lr _ j _S' 


138 

jjiJ 



406 

406 ! cjN 


57 c56 : /Iji 
108 ! aIJj? 
142 t72 ! 4l$ U 2 J 
597 ! 43 jjiLa 42 >Lo~o 
207 1 109 ! 

349 ! s-LJl jU; 
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.240 1 218 :oL.LjjJl 


565 t294 


148 ! 


175 ! oIp| 
174 1 171 1 27 : jU J\ 
119 1 101 -.J±* 
287 ! l)4j ^4 


125 c40 


! £^09 


74 i 70 : 2 


382 : dU 
481 : ^dljbl 


380 1 120 

174 <. 171 4 169 :J^Sy 


72 ! j>d\ o>ljlJL! 

140 1 33 ; jdJij 
252 1 226 ! 4d~b*Jl ^Llaj 
24 ! <jl Jka3 j^aA) 
230 . ^ 1? ... I ' ' a^aj2j 


592 ! ^jl y>~ < 

592 ! j*p i 

592 ! 

69 : obi jf- jJ jjs> 

l .. J . 

260 <.219 1 182 

252 4 139 :^jd> 
214 :J*le 
220 ! o H £7 
213 <.38 

126 1 102 <.37 ; ioil 

293 4281 4 127 

107 ! (_5j j5wj 

289 1 186 ; :>lgj>-^/l J7s> 


149 t 140 433 


l y~4~32-> 


258 t235 ! <ujldP <ob^Jgj 

179 4 108 4 98 JjJbo 

494 i 299 4 186 


305 : pU.d.1 


• l MJyy.y 


305 t289 dbJl ,Uo 
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101 ! jj 

487 


y yb (1 J^~+S j\ Ij 

30 ~ 


104 C 50 ! 4.J ajjj < > jJL> 


-ZL- 

265 > v —• 1 — > — ■ 

558 1 553 ! 

300 : jU'UI 


150 : k_^*5 
192 :l£JL- 

67 1 38 !i JUj i Jj 

97 :&L f 


-c- 

148 ! oljLiJJ 

43 ! ( jS) j jU J^U- 
63 : jjl 
67 ! y^> 

43 

43 : JlSi* 


450 :^J| ^kJl ^ 

257 :Ji5J 

0 Jp ^Jl l) 

514 ! jjL-I 

551 ; ajj ^ lj»l 
514 : alLJl y»J! ^LiijNL 
514 :alLjl y>Jl 

514 : IsL^ 
322 i257 i224 ; otiiL >- 

265 : xJj 
394 : aJI y]\ £kl" 
525 : ^1.^5 

Ji\y 

175 : Jl jU3l 
181 1 175 

305 : t5 
305 : (O 

y 

121 1 98 :bu^ 3 jJ \ n 

.137 1 107 1 27 : **>UJl o_>J 

145 

363 


743 



- J - 


70 


Jajl j 

431 :^iUl 
591 c337 
425 ! <lJj jS\ 

181 ! j>t^\ J-lygili d^L>cJo!j 

425 ! aJj cjL>*jJI j 

1 88 ! cjL ji- j 


515 i 
550 . 

513 ! ojl j^cJJ a^jULa 


- J - 

26 : ^U- j 

109 :olpjj 
108 c98 ! 

77 : ^ £4 

UU— jJui-. j 
34 ; a 
29 ; yn>z*a 


- U* - 


361 




58 ! i jjJjiJl y^~ 

96 : jUi jjs> 

312 t287 ; cjIaJl >- 


“ C“ 

190 c 104 ! ^Ja^vJl 4 j yZ^>- 

yy>- 

486 t234 ; «L**>1*L«J1 

1 263 1 260 1 193 : 5^ M 

303 i 299 t289 

. tj ^_j Ljl^— Lj 

303 t 196 

147 <. 142 1 73 : a! 

tl04 t23 : Jj_p ^Iji^ 

227 t 185 t 181 t 153 

. dj L*-s<s iol ■*2 ? 

300 


- a - 


398 ! JjjJjJl 0 j\ y>~ A_>- 

cjLSO_Jo) j) 1 ->2 > ^ U a_*JLo cjL^Lp^ 
109 ! (io j^jI 

329 c278 t38 '.l^Sya o^_o 
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126 ; jjJ L>- 
5 15 : 

-a*- 

* j- 2 > 

227 c74 

33 oiJ 

_ J* - 

137 1 136 1 47 : j>J as Us 

C 137 4 52 :^JI a_p L_ls 

147 


430 : aJI apLLs 
oliLls 



233 ; a^~Js>LJi^ 

233 : jilxJJ sSUL* 


107 c 106 ; a^5Lp a aJs> 
282 ! aIL j-l? 

CjU*>Us 

99 : ^JJu^S’-p 
106 ! aj>- aJ^I 


492 t257 : ^1 £p-I oblJL- 
96 1 95 : jU ji5w-> 

“ cT - 

230 ! aIjLJI olj^ljl cjL2>LJ« 

LJ . ■■ 

77 

146 ! Ajj^Ij 
74 ! a_U>-I 
70 : aJI ^p jJ jjs> 
107 • A^j^SsJ-^*f Aj>~! 
134 4 133 4 66 4 61 : 

- - 

4301 t259 4 183 1 46 4 27 : 4_~_^ 

304 

561 :^ljs 
134 

134 4 57 : Lj jJi jjL. 
139 
181 ! 

306 ! 

485 ! JjjjJl 
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300 : aJ LJ1 JLSil 

549 t457 : tJl jUl 
249 1 21 8 <. 175 : UaJJ 

188 c 1 86 ! 

133 ! Ajjjio 
249 ! aj yUi 
133 <. 119 : jit y 
133 ! S-U~5j>= 
69 :JUal 

-t- 

385 

522 :Jbr 
454 i 229 : i 
148 : 

384 : Jv 

_ ci _ 


287 ! a ^o-L 

135 . AlwtaVwlwtaVhJ l ^ A A' 

249 1 193 


105 IfUJJl 


248 :ibL,I 
104 :L.j% 
257 : aJL^V jJ* 
521 

182 > 

521 ! oLaJLi«x)J A^jLia 
132 ! o^il jJJJ 

c> 

119 

119 1 58 i 52 <.27 : 

565 i 144 

466 

466 :j 

235 ; ^IjJjJI l _ s ~J ;5 jj-L*-* 1 



1 ]4 C - 

257 : j5lJb 
583 

491 

360 
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22 1 . { y ' 

230 1 1 73 : 

221 1 215 

j^sljJ 

467 ! 5jl>Jl ejLg-yaJl 
362 ; aJL*J 1 ojl j >* Jl oL>-jjJ 
107 ! ap oljl^ ol> jJ 
52 . y*j5 L^l ^P^lJ 
294 1 194 
579 ; iijj _yjJ 


"C" 

227 

50 1 49 c44 1 42 ! 

143 1 76 1 74 

462 1 187 4 186 : ^JJI olJiL* 
54 :oliJk* 

4_Ajlli jJl .iJjCLa 

515 ! 

25 . 4jl4 j**a jj 

A * 5 7 1 ... ■ — 1 — ■ 1 ^'.t ' — ' ^ A ~y — **— — ^ 

307 


190 1 189 : oljUJl 
144 1 74 1 67 4 39 :oL.^ji 

«* 

- O - 

4257 4255 4251 : LJ^i 

489 4264 

412 ! 4J ji 

_ii_ 


291 J> 

i76 475 ; 0 jl jJl i) 

147 1 145 


185 : ^5 


442 441 


4 23 



234 446 


558 4 195 :c^J^5 
48 ! JjL*~a 
48 

561 . 

- J- 


67 466 462 I jjj./gi ‘ulii-'y 
485 J 

264 ijL^o'yLi |»L>J 
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534 L 

521 ! 

29 ! L L — j 
189 ! 

174 :*LJl ^ Joli 

193 ! J 

200 ! ^Uo 

518 : J i V 

525 ! <oL^j LI y± 

<lJ L>c_^> jA 

107 :oLw> 
598 ! 4_o 

*l 1_9 jL.ll 4 _^_jL-_Lj Oli 

285 :(U^) 

2 f'> 

195 1 180 : £0 PPE 

ajt y>- ^>-jl 

426 1 3 13 

403 1 289 ; 4 J 0 U ^s- 

180 '. iLli 

t307 i250 1 188 : L_UIj_jo= 

414 

426 i413 ! Aj>-jy* 


402 1 29 1 :o!j)5cu 


O IxJU 


lJjJ 


k-iVl *ljl 
358 c227 


255 

227 ! aIj j-rf? 

OUa^Lo 

109 ! ( y~yaj jl\ 
358 ! o 

363 i228 :J5b 

38 

148 :pH JJ 

153 . ^ajLJL] i^C, j^->- 

385 :JaJ^ 


150 :jlp 
151 . ajoLj^JI 


i 46 i42 i35 i25 : ol 

557 1 63 


'jA>^a 

160 : iJljl 

126 1 97 Jlot 
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560 
1 80 ! 

171 

59 1 56 ! o!w\JL*>j 

27 : u y-A* 

264 1 23 1 :^jJl I * jlio 
307 • *2 1 wij ^^IS * l ^ I wA_Lj<^ 
104 1 53 ! *uJLL>- ^cLJLa 

70 l 68 1 64 ! oljxL^ 

333 ; aJ 1 U obXu: 

553 : J^L* 

122 : ilibi 


499 

c492 :illSc^NI 

■il y 


189 :Uu^i 

.i! y 

499 

'. 4lS*lS\I>-l <S jA 

il y 

140 4 

33 ! aj jjU a^S” jA 

il y 

41 t 40 ! ». > jJllU aJjU 

■il y 


1 134 1 67 1 59 1 58 4 57 <.51 

137 

221 i 181 :oUil 
258 t257 <. 235 :*J\y 
44 C 42 . yj? A^l *^2 y* 



230 ; ^1>JJ iJl y 
222 i220 1 189 l ^y 

252 i229 :oUJj^ 
228 ! j jJJl 
151 1 1 50 ; a1?-Ij^i 
233 ! aJw3 y 

Alible 

133 :£JlSiNl a^JI 


133 

152 1 151 :a*JUJ| 


aJ^L*^ 

33 : 

401 :^l )\ 

413 . 

411 

251 ! 4b>cJlx>3 

492 oNlii 

219 1 185 ; ^wLv^Jl o^wU/j 
174 ! *^u_>- jJjjj 
96 ! 

393 :SJl^I 
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ft _ 

402 1.252 : aJLLIa 
531 ! aIjI jj& 

68 : oUl ye- jJ jjs> 
359 ; (^yU |»*Aa) 

257 ! O-JLI 

- J - 

364 ! £21 ja 

a-L pj 

143 ! ioLx^ 
142 ! aJju 


563 • a^j ^ .. p 1 1 , ^ p .<». I ^ . J 

t 98 ! t 4jUi j-U A_LaL>- CjI yl ya 

583 

258 ! SjLiJl 5 _Sj Ls oL^j 
520 :ibL,Vl *Ly 

- j - 

69 ! oLvi-o 

69 : jilSo JjUaj 
69 : J^Py^ JjlJaj 
192 ! iLL 

61 ! jliJJ iojjjj 

125 ! ^_Aj15cJLi o yd_i jJastjI y 


750 





Cil 



§ 

o 

J 

•3 

f 


(i-i#) 


C- L i SJ' CjJl>>V 4 - 0 ->-^J 4 1 ml ml' £JlA ^Q-ua.) 

4- L^JI t l.~t.Tf-J . ~ 1 1 j i ^ ~ II 

&jLUl |i _ 7 JI J_i_J 8 ^ j j U -, 1 1 a 

Jc_aI cljjfl 4_dLx)l t_jLj£> { J^JJU 

^ jjs« .jljull '-LA 4- <Gj J-aJl CjLtLajtil 

* * 

( 3 -° jjsu j^n L-L^^pu l&j 4jj is\°i 
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